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Abstract 

This report describes a field study designed to measure the effects of an 
auditory versus a visual presentation of position information on soldier 
performance of land navigation and target acquisition tasks. Measures of 
situational awareness, stress, cognitive performance, and workload were 
also obtained. In the auditory mode, position information was presented 
in verbal messages. In the visual mode, the same information was provided 
in text and graphic form on a map of the area of operation presented on a 
helmet-mounted display (HMD). During the study, 12 military 
volunteers navigated densely wooded unmarked paths that were 3 km long. 
Although no differences were found between the two display modes in the 
frequency at which navigational and other tactical information was 
accessed, the analysis of responses to probe questions indicated that 
participants maintained a greater awareness of position with respect to 
waypoints, targets, and other units when information was presented 
visually than when information was presented auditorily in verbal 
messages. In the auditory mode, as the participants’ perceptions of time 
demands increased, post-test scores on a logical reasoning task tended to 
be higher than pre-test scores. Although visual presentation of 
information appeared to enhance position awareness, differences between 
the two display modes in navigation and target acquisition performance 
were not found to be statistically significant. The findings of the 
investigation suggest differences in cognitive processing requirements 
between the two displays and the impact of attentional focus and practice 
on cognitive performance. 
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EXECUTIVE SUMMARY 

- 
* 

. 

This report presents the results of the second in a series of field investigations designed to 

quantify the effects of helmet-mounted display (HMD) technology on the performance of the 

dismounted infantry soldier. The objective of this experiment was to measure soldier performance 

of land navigation and target acquisition tasks when position information was presented visually on 

an HMD and to compare these data with performance when the same information was presented 

auditorily in verbal messages. Measures of situational awareness, workload, stress, and cognitive 

performance were also obtained. 

In this study, each of 12 military volunteers performed land navigation and other soldier 

tasks in each of the two display conditions (i.e., auditory and visual). In each condition, the 

participant was provided information about his position with respect to waypoints, the 

“optimum” straight-line path to these waypoints, targets, and other friendly and enemy units. In 

the visual condition, position information was overlaid on a map of the area of operation that the 

participant viewed on an HMD. In the auditory condition, the same information was presented 

through speakers installed in the participant’s helmet. In both conditions, the participant 

accessed each type of information via a keypad that he wore on his belt. 

In both conditions, the participants &ore a backpack that contained the digitally aided 

soldier for human engineering research (DASHER) system. DASHER, which was developed by 

Sytronics, Inc., Dayton, Ohio, consists of a small commercial computer, a global positioning 

system (GPS) receiver, and an electronic compass. The system is a self-contained simulator- 

recorder that uses a position-based script to simulate connectivity with a command network that 

presents information about troop movements as well as data for land navigation. In this study, 

DASHER generated both the visual and auditory displays and recorded the participant’s 

performance. 

Each participant was trained and tested in one equipment condition before being trained 

and tested in the other. Training included both classroom and field instruction in which the 

participant was trained to a point at which he achieved an asymptote in the performance of land 

navigation and other soldier tasks using information presented in each of the two display 

modalities. 

Measures of stress and cognitive performance were obtained on a day before training and 

testing, as well as before and immediately after training and testing in each display condition. 
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During testing, participants navigated an unmarked path through wooded terrain, traveling 

in opposite directions for each condition. The path was 3 kilometers long and consisted of four 

legs of different lengths. The participant was instructed to navigate each leg of the path as quickly 

and as accurately as possible, deviating from a straight-line course only as needed to avoid 

obstacles. The participant’s position was recorded at a rate of 1 Hz. Measures of navigational 

performance included distance traveled and velocity. While navigating, the participant was required 

to monitor the location of targets that had been placed along the path and to acknowledge when a 

target was 50 meters from his position by depressing a designated button on his keypad. The 

participant was then required to find and destroy the target as quickly as possible. Measures of 

target acquisition performance included the number of targets detected and destroyed and the time 

to destroy these targets. At predetermined coordinates along each path, the participant also 

received probe questions that assessed his awareness of his position with respect to waypoints, 

targets, and other units. In each display condition, the frequency at which the participant accessed 

navigational, target, and unit information was recorded. 

At the conclusion of testing in each condition, the soldier rated his workload experience 

using the National Aeronautics and Space Administration-Task Load Index (NASA-TLX). 

Questionnaires were also administered to obtain information about display use, problems the 

participant may have experienced, and display preferences. 

The data analyses indicated that differences between display conditions in navigation and 

target acquisition performance were not statistically significant. However, significant main 

effects were found for path leg in the analysis of travel velocity (p < .05), the number of targets 

destroyed (p < .OOl), and the time to destroy these targets (p < .05). These main effects for path 

leg are primarily attributed to differences among legs in the density of vegetation and the effects 

these differences had on movement and the ability to see targets at distances. 

Differences between display conditions in the frequency at which each type of information 

was accessed were not statistically significant; however, the analysis of responses to probe 

questions indicated that participants maintained a greater awareness of their position with respect 

to waypoints, targets, and other units when this information was presented visually than when the 

same information was presented auditorily in verbal messages @ < .OOl). 

The results of the analysis of psychological stress perception measures indicated an increase 

in levels of hostility (p < .05) and dysphoria @ < .05) between pre- and post-test sessions in both 

display conditions. Differences between display conditions, however, were not statistically 

significant. Levels of salivary amylase showed low to no stress for condition or session. 
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No differences were found between display conditions in the participants’ ratings of 

workload; however, significant relationships were found between sources of workload in both 

conditions. Correlations were also found between workload ratings and performance of navigation 

and target acquisition tasks. In the auditory mode, as the participants’ experiences of physical 

workload increased, time to destroy targets also tended to increase (p < .Ol). In the visual mode, as 

perceptions of time demands increased, time to destroy targets tended to decrease 0, < .05). 

No differences were found between conditions in cognitive performance. In the visual 

condition, however, post-test scores on the spatial rotation task were higher than pre-test scores 

(p < .Ol). This finding is attributed to practice the soldiers received in mentally rotating the 

visual map display that was fixed in the “north-up” direction. In addition, significant correlations 

were found in both display conditions between sources of workload and performance of some 

cognitive tasks. In both display conditions, a relationship was found between the participants’ 

perceptions of time demands and their performance of the logical reasoning task. The findings 

indicate that, in the auditory mode, as time demands increased, post-test scores on the logical 

reasoning task tended to be higher than pre-test scores @ < .Ol), whereas in the visual mode, as 

time demands increased, post-test scores on the logical reasoning task tended to be lower than 

pre-test scores (p < .Ol). 

The participants were split in their opinion as to the display modality in which target and 

unit information should be presented, but most preferred that navigational information be 

displayed visually. Some participants believed that “it took more time” to navigate in the visual 

mode because of the need to stop to view the HMD, but the visual information, they added, was 

“easier to follow” and “easier to recall.” The auditory condition, one commented, required “more 

memorization.” 

The findings of this study appear to indicate that soldiers can maintain a greater awareness 

of their location with respect to waypoints, targets, and other units when position information is 

presented visually on an HMD than when this information is presented auditorily in verbal 

messages. Differences between display conditions in position awareness are attributed to a 

combination of factors that may have affected the participants’ ability to retain and accurately 

recall information. In the visual mode, graphical representation of position information may have 

facilitated “chunking.” In the auditory mode, position information was presented in series rather 

than in parallel, and transformation of these data into a mental image of position may have been 

more difficult. 



THE EFFECTS OF AN AUDITORY VERSUS A VISUAL PRESENTATION OF 
INFORMATION ON SOLDIER PERFORMANCE 

INTRODUCTION 

Advanced sensor and display technologies can increase the soldier’s knowledge of the 

battlefield and can enhance decision-making ability: but the benefits that this additional 

information has to offer depend upon the soldier’s ability to capture, process, and act upon this 

information-quickly and accurately. “Who gets what information when and how?” is a 

simplified expression of a multitude of critical questions that will impact individual soldier and 

higher unit performance. The “how” refers to the design of the display (e.g., head mounted or 

hand held), the mode of information presentation (e.g., visual and auditory), and the form in 

which this information is presented (e.g., graphics and alphanumerics, tones and speech). 

It is expected that, in the future, much of the information about the battlefield will be 

presented to dismounted soldiers visually on a helmet-mounted display (HMD). Therefore, 

research has focused on the design of visual displays and the impact that HMDs might have on 

dismounted soldier performance. In a recent field experiment, soldiers navigated more efficiently 

and experienced lower levels of mental workload using information integrated on an HMD than 

they did when using standard land navigation equipment (Glumm et al., 1998). In this 

investigation, the soldiers claimed that they were not distracted any more by the HMD than they 

were by the standard navigational tools. The findings of the study appear to favor the HMD, 

but the authors caution that the results could be reversed with other display formats or increases 

in the amount of information presented. Information overload can potentially be as detrimental 

to soldier performance as a poorly designed or unreadable display. 

Auditory displays may be useful in off-loading information from the potentially over- 

burdened visual channel (McKinley, Ericson, & D’Angelo, 1994; McKinley et al., 1995). 

Reaction time to auditory stimuli is shorter than that to visual cues (Riggs, 1971), and therefore, 

auditory signals can be particularly useful in alerting the soldier to critical information within the 

visual display. However, in addition to augmenting visually displayed information, auditory 

displays may also serve as the primary source of information for the performance of some soldier 

tasks. Although previous research has indicated benefits of auditory displays in waypoint 

navigation (McKinley & Ericson, 1995), most of these experiments have been conducted in the 

laboratory and focused on the performance of sedentary listeners. 



In the present field experiment, it was hypothesized that navigation and other position 

information, such as the location of enemy and friendly units, could be successfully off loaded 

from the visual to the auditory channel without degrading soldier performance. For the purpose 

of this study, auditory information was presented in computerized verbal messages. 

OBJECTIVE 

The objective of this field experiment was to measure soldier performance of land 

navigation and target detection tasks when position information was presented visually on an 

HMD and to compare these data with performance when the same information was presented 

auditorily in verbal messages. Measures of situational awareness, workload, stress, and cognitive 

performance were also obtained. 

METHOD 

Test Participants 

A total of 12 male military personnel participated in this investigation. Ten (10) of the 

12 participants were Marines and two (2) were Army infantry soldiers. The military specialty 

of each of the Marines was 03 11, which is an equivalent of the Army’s military occupational 

specialty (MOS) 1 lB, dismounted infantry soldier. The MOSS of the two Army soldiers were 

mechanized infantry (11M) and combat engineer (12B). The participants ranged in age from 22 

to 35 years, with an average age of 24.6. Their time in service ranged from approximately 3 to 17 

years, with an average of 5.5. Time in MOS ranged from 9 months to 17 years, with an average 

of 5.1. When asked to rate their land navigation skills, five of the participants rated their skills as 

“excellent,” six as “good,” and one as “fair.” All met visual acuity requirements of 20/20 in one 

eye and at least 20/30 in the other eye (corrected or uncorrected) and passed tests of color and 

stereo vision. All were administered an audiogram and possessed hearing within thresholds 

acceptable to the U.S. Army. 

Apparatus 

In both experimental conditions, the participants wore the standard battle dress uniform 

(BDU) or the Marine Corps equivalent and the personal armor system for ground troops (PASGT) 

helmet. All carried a dummy Ml 6 rifle and an Army lightweight individual carrying equipment 

(ALICE) backpack (see Figure 1). The backpack contained a small computer, global positioning 

system (GPS) receiver, and an electronic compass. This equipment was integrated by Sytronics, 
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Inc., of Dayton, Ohio, in a system called the digitally aided soldier for human engineering research 

(DASHER). DASHER, which includes a 3.6-kilogram (8-lb) 12-volt battery, weighed 

approximately 12.7 kilograms (28 lb). The system used a position-based script to simulate 

connectivity with a command network that presented information about troop movements as well 

as data for land navigation. In each of the two experimental conditions, DASHER generated the 

visual and auditory displays, initiated mission tasks, and recorded the participants’ performance. 

In this system, the position coordinates of waypoints, targets, and other mission events or tasks 

were pre-programmed in the computer. During the mission, the participant’s location and 

orientation, as measured by the GPS and the electronic compass, were updated once a second. A 

computer routine calculated the participant’s distance and bearing with respect to the 

preprogrammed coordinates. Visual or auditory display of this updated position information was 

initiated, based upon participant input to a keypad. In the auditory mode, pre-recorded voice 

messages, stored digitally in computer files, were played. In the visual mode, text and graphical 

data were displayed on a map of the area of operations presented on the HMD. A task or mission 

event was automatically initiated via a prerecorded auditory message when the participant was 

within a 20-meter radius of the pre-planned coordinate. 

Figure 1. Marines equipped for operations in the auditory (left) and visual (right) display conditions. 
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A description of the major items of equipment used during the study, as well as the 

components of the DASHER system, follows. 

Helmet-Mounted Display and Computer (the TrekkerTM system) 

In the visual display condition, position information was overlaid on a map of the 

area of operation that the participant viewed on an HMD. The HMD is part of a system 

developed by Rockwell International called the TrekkerTM. TrekkerTM consists of a headset and 

small computer which is part of the DASHER system (see Figure 2). The headset consists of an 

occluding, monocular display developed by Kopin, and a boom microphone. The display is a 

monochrome active matrix liquid crystal display (AMLCD) with 640 horizontal by 480 vertical 

lines of resolution. Focus and brightness controls are integrated into the headset. The display 

slides left or right along the top of the unit to accommodate the desired viewing eye. The monocle 

assembly rotates on its arm and can be manipulated vertically to provide adjustment for eye relief 

and display stowage. For this investigation, the HMD was secured to the participant’s PASGT 

helmet by a webbed strap, and the display was positioned over the eye that was not used to aim 

the Ml6 rifle. The weight of the HMD is approximately 0.45 kilogram (1 .O lb). The computer 

that drives the HMD runs at 50 megahertz with 16 megabytes internal dynamic memory and a 

540-megabyte hard drive. Trekker TM’~ two PC card slots contain serial interfaces to communicate 

with the GPS and the electronic compass. 

Figure The TrekkerTM system: processor and head-mounted display. 

Speakers 

In the auditory display condition, position information and other auditory 

messages were presented through two small speakers installed in the PASGT helmet. These 

speakers were developed by Electra Voice@ (Model 993) and are currently used in the integrated 

headgear assembly subsystem (IHAS), which is a component of the Land Warrior system. The 

auditory messages were pre-recorded and were spoken by a female voice. Volume was adjusted 
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to a comfortable level for each participant. All sound levels were kept within allowable limits set 

forth by the Occupational Safety and Health Administration (OSHA, 1983) and by U.S. Army 

regulations (U.S. Army Pamphlet 40-501 [U.S. Army, 19911). 

Keypad 

In both conditions, computer interface and response to various scenario events 

were input to a small keypad worn on the participant’s belt (see Figure 3). The first two buttons 

in Rows 1 and 2 of the keypad were used to display visual or auditory position information. 

These four buttons provided information about the participant’s position and orientation with 

respect to (1) the designated “PATH,” (2) his next waypoint or “WP,” (3) “TARGET,” and (4) 

other tactical “UNITS.” A more detailed description of the visual and auditory displays, effected 

by depressing these buttons, is provided in Table 1. The last buttons in Rows 1 and 2, labeled 

“yes” and “no,” respectively, were used in response to probe questions that assessed the 

participants’ awareness of the battlefield situation. The “bull’s-eye” button located in the last 

row of the keypad was used to acknowledge that a target was within 50 meters of the 

participant’s position. The three buttons labeled “1” through “3” in the row above the bull’s_eye 

button were used to enter three-digit codes that were painted on the targets. Upon entering this 

number, the participant depressed the “enter” button. The “cancel” button was used to correct 

an error in entering the target code or change a response to a probe question. 

3. Figure Keypad. 

In the visual display condition, information about path, waypoint, target, or unit 

position was provided in both symbolic and alphanumeric form by the depression of the 

appropriate button. The symbology was overlaid on a map of the area of operations that 
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Table 1 

Keypad Entries and Information Displayed 

VISUAL AUDITORY 
INFORMATION TYPE 

ACTION DISPLAY ACTION DISPLAY 

PATH Subject’s lateral Icun 
deviation from _-- w - _--- “PATH2 5 

path center (meters) Depress Text Depress meters LEFT. 

AZIMUTH 
Subject’s orientation 

“Path” Button PATH “Path” Button 

with respect to path 
25 m Left 1 3 degrees”. -- 

. 0 

WAY POINT* 

TARGET’k 

Distance from Icon A, _-------- 
waypoint (meters) Depress TeXl @ 

“WAYPOINT 
.4? 

Depress 
3 0 0 meters. --- 

“WP” Button RNG: 300 m “WP” Button 
BEARING k1 

Bearing to waypoint BRG: 11” degrees” 

Icon 
Distance from ------- x - “TARGET 1 Q Q 

nearest target 
Depress Test Depress meters” 

(meters) 
“Target” Button TARGET “Target” Button 

RNG: 100 m 

ENEMY UNIT & 
Distance from Icon 

FRIENDLY 
nearest Enemy and 

&!$p~~~ton 
lzl 

“Enemy, 20 Q 

UNIT” 
Friendly unit (meters) 

and their location 

with respect to path 

(left or right). 

---------- 

lz%l 
Text 

ENE RNG: 200 m 

Left 

FRD RNG: 100 m 
Rioht 

Depress 

“Unit” Button 

meters LEFT. 

FRIENDLY, 1 Q j 
meters RIGHT” 

GPS EPE Estimated Position 

Error 

EQUIPMENT MALFUNCTION 

Atitomatic: (if > Text Arutolluilic (if > 

150m for > 1 min) 
“EPE 150 meters” 

EPE: 150 m 150m for > 1 min) 

.%ltlio nntl SyIIIboI~ 

Aulortlalic Autonlatic 
“GPS Down!” 

“Compass Down!’ 

* Position with respect to the subject’s current location. 

. , 1 , ‘ 
. 



depicted the “optimum” straight-line path that the participant must travel to designated 

waypoints. Only one button could be depressed at a time and only that information requested 

was provided. The map and the requested information remained displayed for 30 seconds, after 

which, the display blackened. 

Figure 4 depicts the map of the area of operations, including symbology and text 

information, that was presented in the visual display condition upon depression of the “PATH” 

button. The “optimum” straight-line path is indicated by solid lines that connect a series of 

diamond-shaped, waypoint icons. For this study, the path and waypoint icons were displayed 

for all information requests. Depression of the “PATH” button overlaid an icon that represented 

the participant’s location and orientation with respect to the designated path. This icon is shown 

as a circle with a pointer. The participant’s lateral distance to left or right of the path, as well as 

his azimuth orientation, was also provided in alphanumeric form to the right of the map display. 

This text information and iconic representation of the participant’s position was only displayed 

when the “PATH” button was selected. Depression of the ‘VP” button darkened the waypoint 

to which the participant was traveling. As for “PATH,” distance and heading information to that 

waypoint was provided to the right of the map. Depression of the “TARGET” button provided 

symbolic and alphanumeric information about the location of the “target” that was nearest and 

forward of the participant’s position. The targets were three-dimensional wooden silhouettes of 

enemy personnel that were located at points along the path. A target was shown as an “X” on 

the map display. Finally, military symbology and alphanumeric information describing the 

location of the enemy unit and the friendly unit that were nearest and forward of the 

participant’s position were displayed upon depression of the “UNIT” button. 

System interrupt messages indicating equipment malfunctions (i.e., “GPS down! 

Notify lane walker.” or “Compass down! Notify lane walker.“) were provided auditorily in both 

display conditions. The participant also received an auditory message when the GPS or compass 

came back on line (e.g., GPS OK! Notify lane walker). In both display conditions, an auditory 

alert was provided if the estimated position error (EPE) of the GPS exceeded 150 m for more 

than 1 minute (i.e., “Warning. GPS EPE greater than 150 meters. Notify lane walker.“). This 

alert was repeated a second time 1 minute after the initial alert. Further alerts were not provided 

until the EPE of the GPS decreased below 150 m and remained so for more than 1 minute. The 

participant then heard “GPS EPE normal. Notify lane walker.” 
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Path 
81 m Right 
Azimuth = 0.000000 

Graphic and alphanumeric information about path position. Figure 4. 

In the auditory display condition, the participant received the same information 

through the speakers installed in the PASGT helmet. As in the visual display condition, the 

participant depressed one of four buttons on the keypad to receive the desired position 

information. Only one button could be depressed at a time, and only that information requested 

was presented. The auditory message containing 

once per button push. 

the requested position information was played 

In both the auditory and the visual 

type of information was accessed was recorded. 

display condition, the frequency at which each 

Global Positioning System (GPS) and Electronic Compass 

The GPS and electronic compass are components of the DASHER system that 

were located in the participant’s backpack. The GPS and the electronic compass provided 

position and orientation information in the both the visual and auditory display conditions. The 

GPS used in this investigation is called the precision lightweight GPS receiver (PLGR). It is a 

hand-held unit (AN/PSN-1 1) developed for the military by Rockwell International and when de- 

encrypted (P[YJ mode), can provide an accuracy of *lo meters or better. In both conditions, the 

GPS provided position coordinates that initiated specific task events within designated areas 

along the path. An electronic compass (C loo), developed by KVH (not an acronym) Industries, 

. 

. 

. 
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. Test Participant Screening and Baseline Measures 

was used to supply orientation information. The compass is based on magnetic flux sensing 

technology and has &OS0 accuracy with a resolution of kO.1”. Position information supplied by 

the GPS and azimuth orientation information supplied by the electronic compass were updated 

at a rate of 1 Hz. 

Procedures 

A visual acuity test at far and near distances was administered to the military 

volunteers to ensure 20/20 vision in one eye and at least 20/30 in the other eye, corrected or 

uncorrected. Volunteers were also required to pass tests of color and stereo vision. An 

audiogram was administered to measure the participants’ hearing threshold levels. Test 

participants completed a questionnaire to obtain pertinent demographic and background 

information (see Appendix A). 

Stress measures and a cognitive performance test battery were administered to 

familiarize the participants with the procedures to be followed in the collection of these data 

during training and testing and to obtain baseline measures. The stress measures included the 

Salivary Axnylase Field Test (Chatterton, Vogelsong, Lu, Ellman, & Hudgens, 1996) and a 

battery of stress questionnaires (see Appendix B). Cognitive performance was measured using 

the Cognitive Performance Assessment for Stress and Endurance (CPASE) (Mullins, 1996) 

described in Appendix C. 

4 

. 

During this period, the participants received instruction in the assessment of their 

workload experience in accordance with the prescribed procedures of the National Aeronautics 

and Space Administration-Task Load Index (NASA-TLX). The NASA-TLX (Hart & Staveland, 

1988) uses rating scales to assess mental, physical, and temporal demands, performance, effort, 

and frustration. In this technique, a weight is initially obtained for each of the six workload 

factors, based on the subject’s responses to pair-wise comparisons among these factors. In these 

. 

comparisons, the six factors are presented in 15 possible pairs and, for each pair, the subject was 

asked to circle the factor that he perceived to contribute more to his workload experience. The 

subject then completed rating scales that provide a measure of the magnitude of the workload for 

each factor. Those factors perceived by the subject to be most important in his workload 

experience are given more weight in computing the overall workload score. Definitions of each of 

the six workload factors that were assessed, the pair-wise comparisons, and rating scales are 

provided in Appendix D. 
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Training 

The duration of training and testing for each of the 12 military participants was 

5 days. Pre-screening was performed and baseline measures were obtained on the first day of the 

study. Training and testing in one of the two display conditions were conducted on Day 2 and 

Day 3, respectively. Training and testing in the second condition were conducted on Day 4 and 

Day 5. Two participants were trained and tested at a time. 

In each condition, training included both classroom and field instruction during 

which the participants were trained to a point at which they achieved an asymptote in the 

performance of land navigation and target detection tasks using visually or auditorily displayed 

information. The Salivary Amylase Field Test, stress questionnaires, and the CPASE test 

battery were administered immediately before and after training in each condition. 

During classroom training in each display condition, the participants wore the 

DASHER system and PASGT helmet configured to display information in either the auditory or 

visual modality, as appropriate. For this portion of the training, the participant was seated on a 

rotating stool with his back to a computer monitor that displayed the training path. The 

instructor, aided by icons denoting scenario events, “walked” a cursor that represented the 

participant along the path and coached the participant in the use of the keypad in accessing 

navigational and other tactical information. Instruction also included practice in responding to 

probe questions and adjusting azimuth orientation with respect to the designated path and 

waypoints. 

The participant then completed a minimum of three runs on the actual training 

path. The training path consisted of three 200-meter segments, making a total path length of 600 

meters. In each of the three segments, the participants performed all tasks that they would 

perform during testing. Each participant was accompanied on the training path by a “lane 

walker.” This lane walker also accompanied the participant throughout testing in each display 

condition. The lane walker was equipped with a hand-held GPS receiver, a map, and a lensatic 

compass. The primary purpose of the lane walker was to ensure the test participant’s safety. 

Other functions included equipment troubleshooting and the administration of stress tests and 

the cognitive test battery. 

Testing 

During the field experiment, the performance of each of the 12 participants was 

measured in each of the two display conditions (visual and auditory). During testing, two 
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participants navigated in the same condition at the same time on the same unmarked test path but 

in opposite directions. The direction in which these participants navigated the test path in the 

second experimental condition was reversed. 1 The order of presentation of display conditions 

and path direction was counterbalanced as shown in Table 2. 

Table 2 

Design Matrix and Counterbalancing Scheme 

Subject Display condition (visual “1” and auditory “2”). 
No. Path direction (forward “F” and reverse “R”) 

1 1F 2R 
2 1R 2F 
3 2F 1R 
4 2R 1F 
5 1F 2R 
6 1R 2F 
7 2F 1R 
8 2R 1F 
9 1F 2R 

10 1R 2F 
11 2F 1R 
12 2R 1F 

The test path is shown in Figure 5. The total length of the path was 3 kilometers, 

and the path consisted of four segments or legs of different lengths that intersected five waypoints: 

WPl (start point), WP2, WP3 (midpoint), WP4, and WP5 (end point). The lengths of the path 

legs were 550,700, 850, and 900 meters. The first 100 meters of Leg 1 consisted of a few dense 

patches of thorny vegetation, which the participants could circumvent as desired. Vegetation 

density for most of Leg 1 was mild to moderate. Leg 2 was the mildest segment of the course, 

characterized by open woods with tall, well-spaced trees that allowed good visibility at distances. 

Ground vegetation, including thorny shrubs, thickened about 50 meters before Leg 3. Briars were 

thickest and visibility poorest in Leg 3 which is bordered by marsh that is generally impassable. In 

Leg 4, the vegetation varied in type and density, and visibility conditions were mixed. This latter 

leg of the path was generally less severe than Leg 3. 

lLane walkers who walked the path frequently during a previous investigation could not recall the path even though 
the path was walked in the same direction on all occasions. 
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Figure 5. Test path with waypoint positions and leg lengths. 

The terrain through which the path ran was flat with elevation contours of2 to 3 

feet. The ground was covered with fallen trees and branches which, in some areas, were 

concealed by grass approximately 8 inches tall. There were some small streams along the path 

and marshy areas with standing water. Except for a few short, muddy sections of path that 

lacked ground cover, the hardy grasses and vegetation that grow in this area tend to recover 

quickly from footsteps, revealing little evidence of previous travelers. 

Before testing in each display condition, the participants were administered the 

Salivary Amylase Field Test, stress questionnaires, and the CPASE test battery. The 

participants were then accompanied by their lane walkers toward the point of departure. Within 

i20 meters of the starting point of the test path, each participant received an auditory message 

stating that the initial waypoint had been reached and to notify the lane walker. The lane walker 

reminded the participant of the mission and the tasks that had to be performed. The participant 

was also reminded that all tasks were equally important, as were the speed and accuracy with 

which he performed these tasks. A more detailed description of these tasks and the instructions 

that the participant received in the performance of the tasks follows. 

i 

. 
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Navigation 

The participant was instructed that speed and accuracy were equally 

important when traveling from waypoint to waypoint and to maintain a position on a straight- 

line course, deviating only as far as necessary to avoid obstacles. In case of a detour, the 

participant was told to return to the path as soon as possible and resume a straight-line course to 

the next waypoint. At any time, in both display conditions, the participant could obtain 

information about his distance from path center, along with his azimuth orientation, by 

depressing the “PATH” button. In both conditions, the lane walker provided one verbal warning 

at 20,40, and 60 meters’ deviation from the path. At 60 meters’ deviation from the path, the 

lane walker guided the participant back to path center. The primary reason for these warnings 

was participant safety; however, the number of warnings received at each of the three levels of 

deviation were recorded. The absolute position of the participant was recorded once a second, 

along with the EPE of the GPS located in the participant’s backpack. Navigation accuracy was 

determined, based on the actual distance the participant traveled in each leg of the path. 

Measures of travel velocity were computed by dividing the distance the participant traveled in 

each leg by the time required to travel the leg. The time spent at each WP was not included in 

calculations of time, nor was any time that might have been spent in diagnosing and resolving 

equipment problems. 

Target Acquisition 

Five three-dimensional wooden silhouettes of enemy personnel were 

positioned at four random distances on each leg of the path (a total of 20 targets). In both 

display conditions, the participant obtained information about the distance of the nearest target 

beyond his position by depressing the “TARGET” button on his keypad. The participant was 

instructed to monitor the position of these targets to determine when a target was 50 meters from 

his position. When a target was 50 meters from his position, the participant was instructed to 

depress the “bull’s-eye” button on his keypad. The distance of the target from the participant’s 

position at button depression and the EPE of the GPS were recorded. The participant was then 

required to find and “destroy” the target as quickly as possible. Each wooden silhouette was 

marked with a different three-digit number that the participant entered via the keypad. Entry of 

the correct number verified that the target was seen. In both conditions, if the keypad entry was 

correct, the participant was provided auditory feedback in the form of an explosion. If the 

keypad entry was incorrect, the participant heard a ricochet sound. The time to destroy a target 

was recorded from the time the participant was 50 meters from the target until the time the 
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correct keypad entry was completed. Data were also collected for targets that the participant 

destroyed but failed to acknowledge as being 50 meters from his position. 

Situational Awareness (probe questions) 

One presumed advantage of HMDs is the increased availability of 

information to the wearer. To test this hypothesis, a measure of awareness was obtained using 

probe questions. This method of measuring awareness was first used by Marshak, Kuperman, 

Ramsey, Wilson (1987) and refined by Amburn (1994). Awareness relates to the information 

that an individual can recall from his or her short-term memory. Typically, specifics are not 

easily recalled. Therefore, in the probe question method, the question protocol is limited to a 

recognition response of a simple “yes” or “no.” The yes-no format also allows analysis of 

responses using signal detection theory (Green & Swets, 1966). A simple fact in short-term 

memory is treated like a signal embedded in the noise of other memories. The sensitivity measure 

(d-prime Cd’]) measures the salience of information in short-term memory. In the present study, 

20 probe questions (five questions per path leg) were presented to the participant by computer- 

generated audio at pre-determined area coordinates along the path. These questions were used to 

assess the participant’s awareness of information provided in the visual and auditory displays. 

The questions queried the participant about his position with respect to waypoints, targets, and 

other units. (For example: “Is there an enemy unit within 200 meters to your right?“) The 

participant responded to these questions by depressing the “yes” or “no” buttons on the 

keypad. The participant was not able to access either the auditory or visually displayed 

information until he had responded to the probe question. The responses to the probe questions 

were treated as an assessment of information available in the participant’s memory and were 

analyzed using the signal detection sensitivity statistic (d’). 

Immediately upon completing the test path, the participant was 

administered the CPASE test battery, the Salivary Amylase Field Test, and stress questionnaires. 

Upon returning to the command center, the participant assessed his workload experience using 

the NASA-TLX. Each participant then completed a questionnaire to obtain information about 

the frequency of use of the auditory and visual displays and any problems he may have 

experienced. After testing was completed in both display conditions, a post-test questionnaire 

was administered to obtain information about the participant’s display preferences. The post- 

test questionnaires are provided in Appendix E. 
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RESULTS 

Land Navigation 

Post Processing of Position Data 

Raw position data were logged from the GPS using the P(Y) precision military 

signal. The precision signal can achieve &IO meters or better accuracy without needing a 

differential GPS base station. However, these raw data contained considerable random noise. 

Processing the raw data was necessary to improve resolution. 

A simple moving average was employed to filter (eliminate) the random noise. 

Each data point was replaced with the average of the current point with five earlier and five later 

samples. The size of this “window” was empirically determined, based on examining different 

window sizes of pilot data. Very large excursions caused by momentary loss of GPS satellite 

data, as well as excursions greater than 70 meters from the path, were excluded from the data 

analysis. These latter excursions were rare, given that the soldier was directed back to the path at 

deviations of 60 meters. 

Navigational Error 

The four legs within the 3-kilometer test path varied in length (namely, 550 m, 

700 m, 850 m, and 900 m). To obtain a standardized measure of performance on these different 

leg lengths, the actual distance traveled by the participant was divided by the length of the leg. 

This allowed analysis of path leg as an independent variable. This standardized measure of 

distance traveled was computed for each participant and subjected to a repeated measures 

analysis of variance (ANOVA) with display condition (visual and auditory) and path leg (Leg 1 

through 4) as within-subjects effects. The results of the ANOVA, presented in Table 3, indicate 

that there were no differences between display conditions. Figure 6 shows the mean distance 

traveled by leg, standardized by leg length, for the visual and auditory display conditions. These 

data, along with standard errors, are provided in Appendix F. 

Velocity 

Measures of travel velocity were obtained for each equipment condition by 

dividing the distance traveled within each leg of the path by the time to navigate these legs. 

Velocity measures were subjected to an ANOVA like the one performed on distance traveled. 

The results of this analysis are presented in Table 4. 
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Table 3 

ANOVA Results of Standardized Distance Traveled 

Source DF ANOVA SS Mean Square F Value Pr > F 

. 
DISPLAY 1 .003 .003 .119 -737 
SUBJ*DISPLAY 10 3.273 .327 
LEG 3 1.224 .408 .734 .540 
SUBJ*LEG 30 16.671 .556 . 

DISPLAY*LEG 3 1.198 .399 1.906 .150 
SUBJ*DISPLAY*LEG 30 6.286 .210 

. . . . . . . . .._.__._....____~_.____..__-.--.-~---.------------ :.._.... 
: I 
1 2 3 4 

LEG 

Figure 6. Mean distance traveled (standardized by leg length) by display condition and path leg. 

Differences between display conditions in travel velocity were not statistically 

significant. However, a main effect was found for path leg, F (3,30) = 3.66, p = .023, with mean 

velocities, as depicted in Figure 7, of 53.28 m/min (Leg l)? 58.16 m/min (Leg 2), 48.17 m/mm (Leg 

3), and 45.47 m/ min (Leg 4). These mean velocities were subjected to dependent t tests. The 

results indicated that the main effect for path leg was attributable to a significant decrease in 

velocity between Leg 2 and 3 (t (10) = 2.46, p < .033) and between Leg 2 and Leg 4 of the path (t 

(10) = 2.88, p < .O 16). This finding reflects differences between these legs in vegetation density, 
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where Leg 2 was the mildest of the legs, followed by Leg 1 and Leg 4. Leg 3 was the most 

difficult leg to navigate in both test paths. All other effects failed to reach significance at the .05 

level of confidence. 

Table 4 

ANOVA Results of Travel Velocity 

Source DF ANOVA SS Mean Square F Value Pr > F 

DISPLAY 1 573.003 573.003 1.940 .194 
SUBJ*DISPLAY 10 2956.411 295.641 
LEG 3 2085.530 695.177 3.666 .023 
SUBJ*LEG 30 5688.392 189.613 
DISPLAY*LEG 3 539.593 179.864 1.253 .308 
SUBJ*DISPLAY*LEG 30 4307.241 143.575 
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7. Figure Mean travel velocity by display condition and path leg. 
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Target Acquisition 

Number of Targets Destroyed 

The mean number of targets destroyed was subjected to a repeated measures 

ANOVA with display condition and path leg as within-subject effects. The results of the 

analysis, shown in Table 5 and illustrated in Figure 8, indicate that there were no significant 

differences between display conditions where the mean number of targets destroyed by leg was 

4.46 in the visual condition and 4.25 in the auditory mode. A significant main effect, however, 

was found for path leg (F(3, 33) = 8.932,p < ,001) with mean number of targets destroyed of 

4.54 (Leg 1), 3.96 (Leg 2), 4.83 (Leg 3), and 4.08 (Leg 4). The results of dependent t tests 

revealed that this effect was attributable to the greater number of targets destroyed on Leg 1 than 

on Leg 2 of the path, t (11) = 3.3 8, p = .006, and to the greater number of targets destroyed on 

Leg 3 than on Leg 2, t (11) = -4.70,~ < ,001, and Leg 4, t (11) = 3.95,p = .002. The difference 

between Leg 2 and Legs 1 and 3 may reflect the positioning of a target on Leg 2 that reduced its 

detectability. The greater number of targets destroyed on Leg 3 than in Leg 4 may reflect closer 

adherence to the path on Leg 3 so as to avoid more difficult terrain, and thus the greater likelihood 

of encountering targets. All other effects failed to reach significance at the .OS level of confidence. 

Table 5 

ANOVA Results of Number of Targets Destroyed 

Source DF ANOVA SS Mean Square F Value Pr > F 

DISPLAY 1 1.042 1.042 ,676 .429 
SUBJ*DISPLAY 11 16.958 1.542 
LEG 3 11.875 3.958 8.932 .ooo 
SUBJ*LEG 33 14.625 .443 
DISPLAY*LEG 3 2.375 .792 1.061 .379 
SUBJ*DISPLAY*LEG 33 24.625 .746 
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Mean number of targets destroyed by display condition and path leg. Figure 8. 

Time to Destroy Targets 

Time to destroy a target was computed from the time the participant was 50 

meters from the target, as determined by the GPS, to the time the participant entered a three-digit 

number that was painted on the target. The mean times to destroy targets were subjected to an 

ANOVA. The results of this analysis are presented in Table 6 and illustrated in Figure 9. 

Table 6 

ANOVA Results of Time to Destroy Targets 

Source DF ANOVA SS Mean Square F Value Pr > F 

_ 

DISPLAY 1 2126.472 2126.472 .641 .440 . 
SUBJ*DISPLAY 11 36467.879 33 15.263 
LEG 3 33970.350 11323.450 3.135 .039 

* SUB J*LEG 33 119208.740 3612.386 
DISPLAY*LEG 3 15163.395 5054.465 1.579 ,213 
SUBJ*DISPLAY*LEG 33 105647.710 3201.446 
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A significant main effect was found for leg (F(3,33) = 3.135,~ = .039) with mean 

times of 74.28 set (Leg l), 81.94 set (leg 2), 122.64 set (Leg 3), and 102.19 set (Leg 4). These 

mean times were subjected to dependent t tests. The results of these analyses revealed that the 

main effect for path leg was attributable to a difference in time to destroy targets between Leg 1 

and Leg 3 of the path, t (11) = - 2.26,~ = .044. This finding reflects differences between Legs 1 

and 3 in vegetation density and the distances from which targets could be seen. All other effects 

failed to reach significance at the .05 level of confidence. 

80 
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1 2 ; 4 
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Figure 9. Mean time to destroy targets by display condition and path leg. 

Infomlation Access 

Overall, significant differences were found among all four types of information in the 

frequency at which the information was accessed @ < .OOl). Information about path position 

was accessed most frequently (452 times), followed by information about target (159 times), 

waypoint (97 times), and unit position (33 times). 

The frequencies at which each type of information was accessed (path, waypoint, target, 

and unit) were subjected to an ANOVA with display condition (auditory and visual) and path leg 

(Leg 1 through 4) as within-subject effects. The results of this analysis are presented in Table 7. 

. 

. 

Differences between display conditions in the frequency at which each of the four types of 

information was accessed were not statistically significant. However, a significant main effect was 
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found for leg in the frequency of access to information about target position (F (3,33) = 8.75, p < 

.OOl). This effect merely reflects differences in leg length, where information about target position 

was accessed less frequently on the shortest leg of the path (Leg 1) by comparison to longer legs 

(Legs 2,3, and 4). A significant Display x Path Leg interaction was found in the frequency of access 

to information about waypoint position (F (3, 33) = 4.09,~ = .014). Here, too, this interaction 

primarily reflects differences in leg length, where differences between Legs 1 and 2 in the frequency 

at which this information was accessed were significant in the auditory mode but not in the visual 

display condition. AI1 other effects failed to reach significance at the .05 level of confidence. 

Table 7 

ANOVA Results of Frequency of Access of Inforrnation 

Source Measure DF ANOVA SS Mean Square F Value Pr > F 

DISPLAY 

Error 
(DISPLAY) 

LEGS 

Error (LEGS) 

LEGS*DISPLAY 

Error (LEGS* 
DISPLAY) 

Path 
Target 
Unit 
WP 

Path 
Target 
Unit 
WP 

Path 
Target 
Unit 
WP 

Path 
Target 
Unit 
WP 

Path 
Target 
Unit 
WP 

Path 
Target 
Unit 
WP 

. 

1 
1 
1 
1 

11 
11 
11 
11 

3 
3 
3 
3 

33 
33 
33 
33 

3 
3 
3 
3 

33 
33 
33 
33 

6160.010 6160.010 3.414 .092 
356.510 356.510 4.199 .065 
41.344 41.344 2.387 .151 

7.594 7.594 .069 .797 

19847.115 1804.283 
933.865 84.897 
190.53 1 17.321 

1204.281 109.480 

1791.365 597.122 .916 .444 
648.198 216.066 8.755 .ooo 
24.365 8.122 2.647 .065 
84.198 28.066 1.017 .398 

21502.510 651.591 
8 14.427 24.680 
101.260 3.068 
910.927 27.604 

2879.115 959.705 1.034 .390 
56.865 18.955 .416 .743 

9.115 3.038 .786 .510 
412.365 137.455 4.097 .014 

30615.260 927.735 
1504.260 45.584 

127.510 3.864 
117.260 33.553 
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Situational Awareness (Probe Questions) 

“Yes” and “no” answers to probe questions were graded as hits, false alarms, misses, 

or correct rejections, which are defined as follows: 

Hit: Answered “yes,” and “yes” was correct 
False alarm: Answered “yes,” and “no” was correct 
Miss: Answered “no,” and “yes” was correct 
Correct rejection: Answered “no,” and “no” was correct 

From these scores, conditional probabilities of the participant making a particular 

response were determined as follows: 

p( hit) = 
number of hits 

number of hits + number of misses 

p( false alarm ) = 
number offalse alarms 

number offalse alarms + number of correct rejections 

Based on these probabilities, measures of sensitivity (d’) were computed, based on the 

theory of signal detection using the following formula: 

d’ = z(p[hit]) - z(p[false alarm]) 

It was assumed that the information requested in the probe questions was equally 

probable and normally distributed. 

Mean d’s for each of the participants by display condition are shown in Table 8. The 

larger the d’, the greater the probability that the participant responded correctly and less likely by 

chance. Mean d’s close to zero indicate fewer correct responses and the greater likelihood that 

correct or incorrect responses were made by chance. 

The mean d’s for the visual and auditory display conditions shown in Table 8 were 

subjected to a dependent t test. The results of the analysis indicate significant differences 

between the two display conditions (t (11) = -4.509, p =.001). This finding suggests that the 

participants’ sensitivity to the information was greater when the information was presented 

visually than when the information was presented auditorily. 

. 
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Table 8 

Signal Detection (d’) for Visual and Auditory Conditions on Probe Questions 

Subject Auditory Visual 

. 

1 1 0.2947 3.5027 
2 0.1356 2.8369 

I 3 1.1603 0.5280 
. 4 -0.2766 1.4603 

5 1.1837 2.9393 
6 0.7294 1.4603 
7 0.2333 0.9673 
8 -0.4632 2.0828 
9 0.0845 3.8291 

10 0.1252 1.6533 
11 0.4679 0.4679 
12 0.9922 3.5027 

M= 0.3889 1.2457 
SD= 0.5343 1.2574 

p(t) = -4.509 correlation = -.022 

The mean percentages of hits, misses, correct rejections, and false alarms by display 

condition are illustrated in Figure 10. In the visual mode, the mean percentage of hits was greater 

than the mean percentage of misses, and the mean percentage of correct rejections was greater 

than false alarms. In the auditory mode, the mean percentage of correct rejections was still 

greater than the mean percentage of false alarms; however, the mean percentage of misses was 

greater than hits. No significant correlations were found between the accuracy of the participant 

responses to the probe questions and the frequency at which the participants accessed associated 

* position information. 

Stress . 

Confidence Levels 

The Situational Self-Efficacy (SSE) scale asks respondents to rate their level of 

confidence in their ability to perform well from 1 (“not at all confident”) to 10 ((‘extremely 

confident”). An analysis of levels of self-efficacy for the visual (Mean = 8.7) and auditory 
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conditions (Mean = 8.4) indicated that the participants felt confident in their ability to perform 

their tasks regardless of display modality (t (1,lO) = 1.102, p = .296). 

9 

8 

Hits Correct Misses False Not 
Rejections 

* Beyond NIX coordinates. 

Alarms Presented* 

Figure 10. Mean scores (percent) on probe questions by display condition 

Psychological Stress Levels 

The Multiple Affective Adjective Checklist-Revised (MAACL-R) consists of five 

subscales which are typically analyzed together. These subscales are anxiety (sense of uncertainty), 

depression (sense of failure), hostility (sense of frustration), positive affect (sense of well-being), 

and dysphoria (negative affect). A three-way multiple analysis of variance (MANOVA) (condition 

x session x subscale) was conducted to compare stress perception levels between the visual and 

auditory display conditions. The results indicated that there were no significant differences 

between conditions (F (11) = .088;p = .772) or subscales (Wilks’ h = .458; F (8,4) = 2.365;~ = 

.142). However, a significant difference was found between the pre- and post-sessions, F (11) = 

8.110;~ = .016. The effects of session are related to the subscales of hostility (F (23,l) = 5.915; 

p = .023) and dysphoria (F (23,l) = 5.924;p = .023). 

Two additional stress perception measures, the Subjective Stress Scale and Rating 

of Events-Specific, provide a more general assessment of stress and were analyzed in a separate 
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three-way MANOVA (condition x session x measure). The results indicated that there were no 

significant differences between conditions (F (10,l) = .894; p = .367), sessions (F (10,l) = 2.159; 

p = .172), or measures (F (10,l) = 660.011;~ = .391). 

In order to estimate the relative amount of stress experienced by the participants, 

the psychological data were compared with data from an Independent Control Croup 

(INDCNTRL) that includes one pre-measurement and one post-measurement, This procedure 

was followed in accordance with standard experimental methodology, which recommends 

comparisons with a group that is not manipulated by the study in any way but is measured 

during time periods that correspond to those of the experimental group (Myers & Hansen, 1980). 

The INDCNTRL consists of men who were given identical stress perception measures during 

normal workdays when they were experiencing no unusual stress and represents a relatively low 

stress level or a condition of no stress. 

A four-way MANOVA (condition x session x measure x group) was conducted to 

compare the measures of the MAACL-R between the visual and auditory display conditions 

with the INDCNTRL. The results revealed a four-way interaction of condition x session x 

measure x group (Wilks’ h ( = .653; F (30,4) = 3.?9O;p = .OlO), a three-way interaction of 

condition x session x measure (Wilks’ h ( = .653; F (30,4) = 3.99O;p = .OlO), and a two-way 

interaction of measure x group (Wilks’ h ( = .619; F (30,4) = 4.615;~ = .OOS). An ANOVA was 

performed on each MAACL-R subscale to test for the effect of these interactions. As illustrated 

in Figure 11, post-test stress levels for both the visual and the auditory display conditions were 

significantly higher than those of the independent control group. A four-way MANOVA 

(condition x session x measure x group) was conducted to compare responses on the Subjective 

Stress Scale in the visual and auditory display conditions with the those of the INDCNTRL. NO 

significant differences were found (Wilks’ h = .815; F (8,4) = .975; p = .33 1). 

Salivary Amylase Field Test 

A repeated measures ANOVA was conducted on salivary amylase across four 

sessions: pre-visual (Mean = 246), post-visual (Mean = 270), pre-auditory (Mean = 175), and 

post-auditory (Mean = 245). No significant differences were found between conditions (F (11 ,l) 

= 3.683;~ = .OSl), or sessions (F (11,l) = 3.433;~ = .091). The state salivary amylase was 

compared to the baseline collection (Mean = 263) and no significant differences were found 

between baseline and the visual condition (Wilks’ h = .607; F (10,2) = .905;p = ,607) or between 

baseline and the auditory condition (Wilks’ h = .628; F (10,2) = 2.967; p = .097). 
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Figure 11. Comparison of mean post-stress MAACL-R dysphoria and hostility scores (GEM) 
for the visual and audio display condition with those in the independent control group. 

Cognitive Performance 

Cognitive performance tasks included verbal memory, logical reasoning, addition, and, 

spatial rotation. To delineate performance differences, each test was evaluated as to the number 

of items completed correctly. A separate session (pre- and post-test) by condition (auditory and 

visual) repeated measures ANOVA was computed for each performance variable. Baseline 

measures were not included in these ANOVAs. Shifts from baseline were evaluated by 
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computing a MANOVA for each performance variable across baseline, pre- and post-test 

auditory, and pre- and post test visual condition. 

Verbal Memory 

. 

. 

This short-term memory test required written recall of 12 single and double 

syllable words. No significant differences were found for condition or session in the performance 

of this cognitive task. 

f Logical Reasoning 

The logical reasoning task (Baddeley, 1968) involved 32 evaluations of a phrase 

describing letter pair order and corresponding letter pairs. Each evaluation was judged as “true” 

or “false.‘.’ Test participants had 1 minute to respond to as many of the items as possible. No 

significant differences were found for condition or session in the performance of this cognitive 

task. 

Addition 

For this computation task, the test participants were given 30 seconds to 

complete 15 problems, adding two randomly selected three-digit numbers together. No 

significant differences were found for condition or session in the performance of this cognitive 

task. 

Spatial Rotation 

. 

. 

The test participants’ performance of the spatial rotation task involved pattern 

recognition and figure rotation. The participants had 2 minutes to respond to the 18 evaluations 

presented in this task. The ANOVA indicated a significant main effect for sessions (F (1,ll) = 

11.04; p < .007). Pairwise comparisons indicate that the visual post-test measure (Mean = 14.6) 

was significantly higher than the visual pre-test measure (Mean = 12.4) and the auditory pre-test 

measure (Mean = 12.8). Also, the visual pre-test measure differed significantly from the 

auditory post-test measure (Mean = 13.8). These session effects were also reflected in the 

baseline analysis, where the baseline measure (Mean = 11.5) was significantly lower than the 

auditory pre-test and post-test measures. 
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Workload (NASA-TLX) 

Weighted ratings for each of the six workload factors and an overall weighted workload 

score were calculated for each participant in each display condition in accordance with the 

procedures prescribed by the NASA-TLX. Figure 12 depicts the composition of the weighted 

workload score. In this chart, the width of each subscale bar reflects the importance (weight) of 

each factor derived from the participants’ responses in pair-wise comparisons of the six 

workload factors. The height of the bars represents the magnitude (rating) of these factors 

derived from the participants’ scaled ratings. The overall workload score shown to the right of 

the subscale bars represents the average area of these bars. 

The mean weighted ratings for each workload factor and the overall weighted score were 

computed for each condition and were analyzed using paired sample t tests. The results of the 

analyses indicated that there were no significant differences between the auditory and visual 

display conditions in the participants’ ratings of workload. 

22.5 
-I I 
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. 

. 

. 

Sources of Workload Overall Workload 

Figure 12. Mean weighted ratings of sources of workload and overall workload experience. 
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Pearson’s correlations were computed to examine the relationship between sources of 

workload. In the auditory mode, a significant correlation was found between the participants’ 

perception of how well they performed and their level of frustration (r( 10) = .692, p = .015). 

This finding indicates that the poorer the participants thought they performed, the higher their 

levels of frustration. In the visual mode, as frustration increased, so did the participants’ overall 

experience of workload (r( 10) = .775, p = .003). In the auditory mode, a relationship was also 

found between the participants’ perception of time demands and overall workload (r( 10) = .648, 

p = .023). This finding suggests that as time demands increased, the participants’ experience of 

overall workload also increased. 

Workload and Task Performance 

Correlations were computed to examine the relationship between workload factors 

and the participants’ performance of land navigation and target acquisition tasks. In the auditory 

mode, a relationship was found between time to destroy targets and physical workload (r (10) = 

.738, p = .006), which indicates that as the participants’ experiences of physical workload 

increased, so did the time to destroy targets. In the visual mode, a negative correlation was found 

between time to destroy targets and temporal workload (r(10) = -.656,p = .02). This finding 

indicates that as time demands increased, time to destroy targets decreased. No relationships 

were found between sources of workload and navigational performance in either display 

condition. 

Workload and Cognitive Performance 

Pearson’s correlations were also computed to evaluate the relationship between 

sources of workload and cognitive performance. Pre-test scores were subtracted from the 

corresponding post-test scores to determine a difference score for performance measures. This 

delta was used in the correlation analyses with the NASA-TLX scores. Logical reasoning for the 

auditory condition and the visual condition were significantly correlated with temporal workload, 

(r (10) = .7 11, p < .Ol) and (r (10) = ~696, p < .O 1), respectively. These findings indicate that in 

the auditory mode, as time demands increased, post-test scores on the logical reasoning tended to 

be higher than pre-test scores; whereas in the visual mode, as time demands increased, post-test 

scores on the logical reasoning task tended to be lower than pre-test scores. The improvement in 

post-test scores in the auditory task may be attributable to the additional practice that 

participants received in processing the verbal information. 

Significant correlations were also found between logical reasoning and frustration 

in the visual condition (r (10) = -. 630, p = .028) and between logical reasoning and physical 

35 



workload in the auditory condition (r (10) = -. 624,~ =.030). These findings indicate that in the 

visual mode, as frustration increased, post-test scores on the logical reasoning task tended to be 

lower than pre-test scores. Similarly, in the auditory mode, post-test scores on the logical 

reasoning task tended to degrade as the participants’ experience of physical workload increased. 

Mental workload correlated with addition performance in the visual condition, r 

(10) = -.670, p = .017, and spatial rotation correlated with temporal workload in the auditory 

condition, r (10) = -. 620, p = .023. In the visual condition, as the participants’ ratings of mental 

workload increased, post-test performance of the addition task tended to be lower than pre-test 

scores. Similarly, in the auditory mode, as time demands increased, post-test performance of the 

spatia1 rotation task tended to degrade. 

Questionnaire Responses and Participant Preferences 

Participant responses on the post-run questionnaires indicated that they did not have any 

difficulties in seeing or hearing and understanding the information provided in each of the two 

display modes. Performance of navigation and target acquisition tasks was rated as “easy” when 

information was presented visually but “neither easy nor difficult” when information was 

presented auditorily. By contrast to measures of keypad input reported before, participants 

estimated that they accessed information about waypoint and unit position more often than they 

accessed information about path or target position in both display conditions. 

In the auditory mode, 4 of the 12 participants preferred that auditory information be 

provided in a female voice, but the remaining eight participants claimed that it did not make a 

difference whether the voice was male or female. In both display conditions, mean ratings of the 

severity of symptoms more commonly associated with the use of head-mounted visual displays 

ranged from 1 (“not noticeable”) to 3 on a 7-point scale. One rating that exceeded the midpoint 

rating of 4 was attributed by the participant who assigned this score to a pre-existing condition. 

At the conclusion of testing in both display modes, the participants were queried about 

their display preference. Six of the 12 participants indicated that all the information presented in 

this study should be presented visually but two of the six participants qualified their opinion by 

stating that unit information should be presented auditorily. Three of the 12 participants 

indicated that all information should be presented auditorily. Similarly, but by contrast, one of 

these two participants noted that unit information, on the other hand, should be presented 

visually. The remaining three participants all indicated that navigational information should be 
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presented visually and that target and unit information should be presented auditorily. Table 9 

shows a count of the participants’ modality preference by information type. 

Table 9 

. Display Modality Preference by Information Type 

. Auditory Visual 

. 

Path 3 9 
Waypoint 3 9 
Target 6 6 
Unit 7 5 

Many of the participants who preferred the visual condition noted that they thought it 

“took more time” to navigate in the visual mode because of the need to stop to view the HMD. 

They noted that, in the auditory mode, they could listen to irmormation while moving. The 

participants agreed that the visual display was “easier to follow” and “easier to recall.” One 

participant added that the auditory condition “required more memorization.” 

DISCUSSION 

I 

. 

In this study, performance of land navigation and other mission tasks required the 

participants to maintain an awareness of their position with respect to different objects within 

their environment. These objects included the designated path, waypoints, targets, and other 

friendly and enemy units. In both display conditions, information about the position of each 

object was obtained by depressing a designated button on a keypad that the participant wore on 

his belt. 

The fmdings of the investigation indicate that there were no statistically significant 

. differences between display conditions in navigation or target acquisition performance or in the 

frequency at which the participants accessed information about object position. However, the 

analysis of responses to probe questions revealed that participants maintained a greater 

awareness of the position of objects when information was presented visually on an HMD than 

when the same information was presented auditorily in verbal messages. 

37 



Differences found between display conditions in position awareness are attributed to a 

combination of factors that may have affected the participants’ ability to retain and accurately 

recall information. Among these factors are familiarity with the format in which some position 

information was presented and perhaps to the participants’ ability to integrate and group these 

data into more easily recallable “chunks.” 

In this study, position information provided in the auditory mode was verbal, while the 

information provided about position in the visual mode was predominantly spatial. Previous 

studies of information processing indicate that verbal and spatial information are processed 

differently (Broadbent, 197 1). In a study of cognitive performance using an HMD while 

walking, Sampson (1993) found that reaction times to tasks were shorter in response to a spatial 

display than they were in response to either a verbal or numeric display, but no significant 

differences were found between these displays in the proportion of correct responses. 

In the present study, the participants observed that the visual display was “easier to 

follow” and “easier to recall.” According to one participant, auditory display of position 

information “required more memorization.” Research and related literature about memory 

indicate that information must be rehearsed in order for it to be retained. Even with rehearsal, 

this information can decay over time (Sanders & McCormick, 1993). The more information that 

is stored in short-term or working memory, the more rapid this decay, and the lower the 

probability of correct recall (Van Cott & Warrick, 1972). According to Card, Moran, and Newell 

(1983), the visual image stored in working memory decays more rapidly than the auditory image 

store, but the capacity of the visual image store (17 [7-l 71 letters) is larger than that of the 

auditory image store (5 [4.4 - 6.21 letters). More information can be remembered if it is 

“chunked” or grouped in some logical or recognizable order. According to Miller (1956), the 

maximum number of items that can be retained in working memory is 7 ~t2 or 5 to 9 items. 

In the visual mode, graphical representation of position may have facilitated “chunking” 

of information about object position. In the auditory mode, position information was presented 

in series rather than in parallel, and transformation of these data into a mental image of position 

may have been more difficult. 

Figure 13 depicts information about unit position, which was provided in the visual 

display mode. The text information shown at the right of the display was presented in the same 

sequence in the auditory display condition. In the visual mode, the map with overlay of unit 

position, shown to the left of the text, did not provide any additional information, but it did 

provide an image to which the participant was more accustomed, albeit in paper form. The 

38 



simple and familiar symbolic representation of friend and foe shown to the left or right of the 

designated path offered an image that required less processing than the auditory message. In the 

auditory mode, the participant was required to link individual pieces of information to create this 

mental picture. In creating this picture, the participant was required to remember what might 

seem to be a simple convention: “Enemy-Left” meant that the enemy was to the participant’s 

left-not that the participant was to the left of the enemy. The participants agreed that this 

convention was straightforward and normally followed it without difficulty. However, on 

occasion during periods of frustration with some aspect of their performance, some participants 

expressed amazement that they had suddenly forgotten this convention. It is also important to 

note that in the auditory mode, numerical data about distance and orientation were presented in 

individual digits, pre-recorded from “zero” to “nine.” In this mode, the participant heard 

“three..two..zero..meters,” not “three-hundred and twenty meters”. Here, too, it is expected that 

some additional processing might be required. 

, 

ENE Rng: 811 m Left 
FRLI Rng: 257 m Left 

I -Cl... \ I 

Figure 13. Graphic and alphanumeric information about unit position in the visual display condition. 

The assumed increase in cognitive processing requirements in the auditory mode was not 

reflected by differences between display conditions in ratings of workload as measured by the 

NASA-TLX. Similarly, no differences were found between display conditions in cognitive 

performance as measured by the CPASE test battery or in levels of stress as measured by the 

Salivary Amylase Field Test and stress questionnaires. However, in both display conditions, a 
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significant relationship was found between the participants’ ratings of temporal workload and 

their performance of the logical reasoning task which was a part of the CPASE test battery. The 

findings indicate that as the participants’ perceptions of time demands increased, there was a 

tendency for their post-test scores on the logical reasoning task to be greater than pre-test scores 

in the auditory display mode but lower than pre-test scores in the visual display condition. This 

might suggest that the additional focus required to process information in the auditory condition, 

and the associated effects of practice, tended to hone the participants’ logical reasoning skill, at 

least temporarily. 

Similarly, based on differences between pre- and post-test scores on the spatial rotation 

task, the design of the visual map display may have presented its own cognitive challenges. In 

the visual mode, post-test scores on the spatial rotation task were significantly higher than pre- 

test scores. This finding corresponds with that of a previous study (Glumm et al., 1998) and is 

attributed to the practice the participants received in mentally rotating the map display that was 

fixed in the “north-up” direction. 

Although participants appeared to maintain a greater awareness of the position of 

waypoints, targets, and other units in the visual display condition, differences between display 

modes in navigation and target acquisition performance were not statistically significant. This 

lack of a difference between displays in the performance of these latter two tasks may reflect the 

greater frequency at which position information about “path’ and “target” was accessed, as well 

as differences in cognitive processing requirements between these tasks and the task of integrating 

and recalling information about relative position. 

Variability in navigation and target acquisition performance among participants was high 

on some legs of the path. Such variability may have been influenced by a combination of factors. 

For example, contrary to expectations, the analysis of the number of targets destroyed ‘indicated 

that fewer targets were destroyed on Leg 2, which was the mildest leg of the path, than on legs 

where vegetation was more dense (i.e., Legs 1 and 3). This finding is attributed to one target on 

Leg 2 that appeared to evade participants in both conditions. A few participants insisted on 

tracking this target. (“My display tells me I’m right on top of it. It’s got to be here 

somewhere!“) Normally, they were correct and their persistence was rewarded. The persistence 

of a few, however, may have caused a greater variance among participants in time to destroy 

targets and travel velocity, thus also reducing statistical confidence in differences between display 

conditions. 

. 
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Generally, the main effect for path leg found in the analyses of travel velocity and 

measures of target acquisition performance is attributed to differences among legs in vegetation 

density. Vegetation on Leg 4 was more dense than on Leg 1 but less dense than on Leg 3. Leg 3 

contained greater masses of thorny vegetation than the other three legs of the path, and 

movement through this segment of the course was slow, if not painful. Leg 2 was the mildest leg 

of the path, characterized by open woods with tall, well-spaced trees. As might be expected, 

overall velocities were higher on Leg 2 than on Legs 3 and 4. Leg 3 ran between two marshy areas 

near which briars thickened and water at times was above the participants’ boots. For safety, the 

participants were advised to adhere as closely as possible to path on this leg so as to avoid more 

difficult terrain. The greater number of targets destroyed on Leg 3 than on Legs 2 and 4 may 

reflect the participants’ attempts to heed this advice and the greater likelihood of encountering 

targets in doing so. Nonetheless, time to destroy targets tended to be higher on Leg 3 where the 

thick vegetation may have reduced the distance from which targets could be seen. 

Factors that may have caused differences in performance between path legs may have also 

influenced relationships between the participants’ experience of workload and time to destroy 

targets. In the auditory mode, as the participants’ perceptions of physical workload increased, 

time to destroy targets also tended to increase. In the visual mode, as time demands increased, 

time to destroy targets tended to decrease. 

Those who participated in this study were well motivated and determined to excel in both 

display conditions. Neither the research environment nor experimental conditions appeared to 

have a significant impact on levels of fatigue or stress. In a battlefield environment, however, 

factors that may have had a minimal effect on performance in this study could induce larger 

decrements. The findings of this investigation emphasize the need for greater focus on visual and 

auditory display design for the information-rich battlefield of tomorrow. 

CONCLUSIONS AND RECOMMENDATIONS 

This study did not show any statistically significant differences between display 

conditions in navigation time and accuracy or in measures of target acquisition performance as 

determined by the number of targets destroyed and the time to destroy these targets. No 

differences were found between the two display modalities in measures of stress, cognitive 

performance, or ratings of workload. However, the findings did indicate that the military 

participants maintained a greater awareness of their location with respect to waypoints, targets, 

and other units when position information was presented visually on an HMD than when this 
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information was presented auditorily in verbal messages. Differences between display 

conditions in position awareness are attributed to a combination of factors that may have affected 

the participants’ ability to retain and accurately recall information. In the visual mode, graphical 

representation of position information may have facilitated “chunking.” In the auditory mode, 

position information was presented in series rather than in parallel, and transformation of these 

data into a mental image of position may have been more difficult. 

In the future battlefield, the soldier will have access to greater amounts of information. 

As the amount and diversity of information increases, so will menu and visual display 

complexity, along with cognitive processing requirements. The more information the soldier is 

required to remember, the greater the likelihood of errors in recall. The design of visual and 

auditory displays and the proper use of these display modalities in presenting information will 

have a major impact on soldier performance, especially in the presence of fatigue. In an 

information-rich environment, it is important that the soldier be provided easy access to critical 

information. Whether this information is provided visually or auditorily, the format in which the 

information is presented should enable the soldier to easily assimilate and integrate these data 

into a logical and meaningful picture of the battlefield that can be accurately recalled. 

Advancements in three-dimensional visual and auditory display technology offer new 

opportunities to convey information in a more natural, intuitive form. In enabling the soldier to 

exploit expanded information resources, researchers must not only recognize the advantages and 

disadvantages of each sensory display modality but must also accept the symbiotic relationship 

that exists between them. 

’ Literature about cognitive and perceptual processing is rich with studies concerning 

mechanisms of processing within both the visual and auditory modality. However, much of the 

research treats the visual and auditory modalities as being independent of one another. Any 

legitimate theory of information processing will need to integrate both visual and auditory 

components of attention and cognition. To truly discern how the visual and auditory systems 

interact, it will be necessary to develop a better understanding of the brain mechanisms that 

mediate such processing. Developing a greater understanding of the interaction between 

auditorily and visually presented information is central to the issue of enhanced cognitive and 

physical performance in the future battlefield. 
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Subject No.: 

DEMOGRAPHIC QUESTIONNAIRE 

Please answer the following questions. The information you provide will be kept CONFIDENTIAL. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Name: 

Age: 

Rank: 

Last First Middle Initial 

Military Occupational Specialty (MOS): 

Time in Service: years months 

Time in grade: years months 

Time in MOS: years months 

Are you left- or right-handed? 

Left-Handed [ ] Right-Handed [ ] 

Which eye do you normally use to aim your weapon? 

Left Eye [ 1 fight Eye [ 1 

Do you wear eyeglasses or contacts? 

Yes [ 1 No [ 1 

Have you ever worn a head- or helmet-mounted display (HMD)? 

Yes [ 1 No C 1 

Generally, how would you rate your land navigation skills? 

Excellent 
Good 
Neither Good nor Bad 
Fair 
Poor 

[ 1 
[ 1 

: ; 
[ 1 
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SALIVARY AMYLASE FIELD TEST AND STRESS QUESTIONNAIRES 

Salivary Amylase Field Test 

Amylase is an enzyme that hydrolyzes starch to oligosaccharides and then slowly to 
maltose and glucose. Measurement of amylase in saliva involves chemical color changes 
according to standard photometric procedures developed by Northwestern University 
(Chatter-ton, Vogelsong, Lu, Ellman, & Hudgens, 1996). This method combines time lapse and 
temperature data to derive a quantifiable level of stress. 

A saliva sample is obtained from a subject using a small, clean rectangular sponge (1 in. x 
.5 in. x .5 in). The sponge is contained in a pre-labeled plastic cup with lid. The subject is 
instructed to remove the sponge from the cup and roll the sponge in his or her mouth for 1 
minute. The subject is then asked to place the sponge back in the cup, close the lid, and hand the 
cup to the monitor. The cup containing the sponge is then placed in an insulated bag with an ice 
pack or refrigerated, as needed, to keep the sample cold for later’assay. 

References: 

Chatterton, R.T., Vogelsong, K.M., Lu, Y., Ellman, A.B. & Hudgens, G.A. (1996). 
Salivary amylase as a measure of endogenous adrenergic activity. Clinical Psvcholoev. 
16. 
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Stress Questionnaires 

A select battery of state questionnaires used in previous ARL research investigations 
were administered to the study participants (Fatkin, King, & Hudgens, 1990; Hudgens, Malkin, 
& Fatkin, 1992; Blewett, O’Hern, Harris, Redmond, Fatkin, Rice, & Popp, 1994; Fatkin & 
Hudgens, 1994; Fatkin, Treadwell, Knapik, Patton, Mullins, & Swarm, 1997). This battery has 
been proven sensitive to the degree of stress experienced in a variety of situations and includes 
standardized measures that have demonstrated construct validity within the stress research 
literature. A description of the questionnaires in this battery and their administration in the 
present study follow. 

The Self-Efficacy Scale (SES) was administered before each test run in each condition. 
This scale asks respondents to rate their level of confidence on a scale of l-10 in their ability to 
do well with reference to anticipation of “today’s experiences.” Positive correlations have been 
obtained between self-efficacy and vocational, educational and military success (Sherer et al, 
1982; Bandura, 1977; Hudgens, Malto, Geddie, & Fatkin, 1991). 

The following measures were obtained before and immediately after a test run in each display 
condition: 

Multiple Affect Adjective Check List -Revised (MAACL-R) . Because of the improved 
discriminant validity and the control of the checking response set, the MAACL-R with its five 
subscales -- anxiety, depression, hostility, positive affect and negative affect -- has been 
particularly suitable for investigations that postulate changes in specific affects in response to 
stressful situations. The participants were instructed to answer according to how they feel “right 
now” or how they felt during a specific time period or event (Zuckerman & Lubin, 1985). 

The Subjective Stress Scale (SUBS) was developed to detect significant affective changes 
in stressful conditions. The participants are instructed to select one word from a list of 15 
adjectives that describe how they feel “right now” or how they felt during a specific time period 
or event (Merle and Bialek, 1958). 

The Specific Rating of Events Scale (SRE) is a measure designed for the ARL stress 
program in which the participants rate (on a scale of 0 for “not at all stressful” to 100 for “most 
stress possible”) how stressed they feel “right now” or how stressful an event or time period was 
to them (Fatkin, Ring, & Hudgens, 1990). 
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LIFE EVENTS FORM I 

1. Check the appropriate response: “I have 

Unusually low stress 
Mild stress 
Moderate stress 
High stress 
Unusually high stress 

recently experienced: ” 

2: Have you recently experienced any events having an impact on 
your life? Yes NO 

Please list them and indicate them as positive or negative, by 
placing them in the corresponding column: 

POSITIVE DATE EVENT OCCURRED 

NEGATIVE DATE EVENT OCCURRED 

3. HOW would you rate the way you handled any events that 
occured? c 

Very well 
Well 
Adequate 
Poorly 
Very Poorly 

4. “Considering all that has happened recently, my resources for 
responding to the events were:” 

. 

More than adequate 
Adtquate 
Less than adequate 
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MAACL-R 

DIRECTIONS: On the following sheet mark an2 in the boxes beside 
the words which describe how you feel right now. Some of the 
words may sound alike, but we want you to check all the words that 
describe your feelings. 
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1 0 active 

2 0 adventurous 

3 0 affectionate 

4 0 afraid 

5 0 agitated 

6 0 agreeable 

7 0 aggressive 

8 0 alive 

9 0 alone 

10 0 amiable 

11 0 amused 

12 IJ angry 

13 0 annoyed 

14 0 awful 

15 q bashful 

16 0 bitter 

17 [3 blue 

18 0 bored 

19 0 calm 

20 0 cautious 

21 0 cheerful 

22 0 clean 

23 0 complaining 

24 0 contented 

25.0 contrary 

26 0 cool 

27 0 cooperative 

28 q critical . 

29 0 cross 

30 0 cruel 

31 q daring 

32 0 desperate 

33 0 destroyed 

34 0 devoted 

35 0 disagreeable 

36 0 discontented 

37 0 discouraged 

38 0 disgusted 

39 0 displeased 

40 0 energetic 

41 0 enraged 

42 0 enthusiastic 

43 0 fearful 

44 0 fine 

A 

PA 

45 0 fit 

46 0 forlorn 

47 Ofrank 

48 0 free 

49 .a friendly 

50 0 frightened 

51 0 furious 

52 0 lively 

53 q gentle 

54 aglad 

55 0 gloomy 

56 agood 

57 0 good-natured 

58 agrim 

59 cl haPPY 
60 0 healthy 

61 q hopeless 

62 [7 hostile 

63 0 impatient 

64 0 incensed 

65 q indignant 

66 0 inspired 

6’7 0 interested 

68 0 irritated 

69 0 jealous 

70 0 joyful 

71 Cl kindly 

72 0 lonely 

73 q lost 

74 U loving 

75 0 low 

76 plucky 

77 0 mad 

” 78 0 mean 

79 0 meek 

80 0 merry 

81 C]mild 

82 0 miserable 

83 q nervous 

84 0 obliging 

85 0 offended 

86 0 outraged 

87 IJpanicky 

88 0 patient 

D 

SS 

w 

89 q peaceful 

90 0 pleased 

91 0 pleasant 

92 E polite 

93 0 powerful 

94 q quiet 

95 /J reckless 

96 0 rejected 

97 0 rough 

98 0 sad 

99 0 safe 

100 0 satisfied 

101 !-J secure 

102 0 shaky 

103 0 shy 

104 IJ soothed 

105 0 steady 

106 I-J stubborn 

107 0 stormy 

108 0 strong 

109 0 suffering 

110 0 sullen 

111 /J sunk 

112 q sympathetic 

113 0 tame 

114 II tender 

115 0 tense 

116 0 terrible 

117 0 terrified 

118 I-J thoughtful 

119 D timid 

120 0 tormented 

121 IJ understanding 

122 0 unhappy 

123 0 unsociable 

124 0 upset 

125 0 vexed 

126 0 warm 

127 0 whole 

128 0 wild 

129 0 willful 

130 q wilted 

131 I-J worrying 

132 iJ young 
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SUBjECTIVE SCALE 

Circle one word that best describes how you feel ;icht now. 

Wonderful 

Fine 

Comfortable 

Steady 

Not Both&d 

Indifferent 

Timid 

Unsteady 

Nervous 

Worried 

Unsafe 

Frightened 

Terrible 

Ii Agony 

Scared Stiff 
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1. The scale below represents a range of how stressful an event 
might be. Put a check mark touching the line (L!) to rate how much 
stress you are experiencing right now. 

; 

Not at All Most Stress 
Stressful Possible 

I 0 I I ! I / 1 I I 

I I I I I I I I I i 

0 10 20 30 40 30 60 70 80 90. 100 

2. At what number value does the check mark touch the line? 
..- 

. 

. 

. 
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c 

1. On a scale from 1 to 10, how confident are you 
1 

in your ability to deal with &dav s 
* 

ex~enence~ ? 

Plea& circle one of the numbers below. 

1 2 3 4 5 6 7 8 9 10 
I I 

Not at all Extremely 
confident confident 
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APPENDIX C 

COGNITIVE PERFORMANCE ASSESSMENT FOR 
STRESS AND ENDURANCE (CPASE) 
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COGNITIVE PERFORMANCE ASSESSMENT FOR 
STRESS AND ENDURANCE (CPASE) 

CPASE (Mullins, 1996) is administered in a paper and pencil format, and emphasizes 
speed and accuracy in completion of the following test measures: 

Verbal Memory. The short-term memory test uses lists taken from a word usage 
text (Thorndike & Lorge, 1944). Each list consists of twelve one- or two-syllable words with the 
most common usage rating (100 or more per million). Soldiers are given one minute to study the 
list and one minute for recall. 

Logical Reasoning. The reasoning test evaluates an understanding of grammatical 
transformations on sentences of various levels of syntactic complexity (Baddeley, 1968). Each 
item consists of a true or false statement such as “A follows B----AB” (false) or “B precedes A-- 
--BA” (true). The test is balanced for the following conditions: positive versus negative, active 
versus passive, precedes versus follows, order of statement letter presentation, and order of 
letters in the pair (equivalent to balancing for true or false condition). Letter pairs are selected to 
minimize acoustic and verbal confusion. One minute is given to complete the 32 evaluations. 

Addition. This task, adapted from Williams and Lubin (1967), tests working 
memory. Each calculation consists of a pair of three-digit numbers which are selected from a 
random number table. The task is subject-paced. Soldiers have 30 seconds to complete as many 
of the 15 problems as possible. 

Spatial Rotation. Spatial ability is tested using a mental rotation task 
adapted from Shepherd’s work (1978). A six-by-six grid is enclosed within a hexagon measuring 
2.8 centimeters across the diameter. Portions of the grid are blackened to create random patterns. 
To the right of each test pattern are three similar patterns. One of the three patterns is identical 
to the test pattern except that it has been rotated. The task is to select this pattern. Each test 
consists of eighteen items balanced for the number of grids blackened (7,9, or 1 l), pattern 
density (adjacent blocks blackened versus a break between blocks), and rotation of the correct 
answer (90, 180, or 270 degrees). Two minutes are given to complete the 18 evaluations. 
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WORD.RECALL TASK 

INSTRUCTIONS: You will receive a page with of a list of, twelve words. 
Keep this list face down until you are instructed to start the test. Read 
through the list and write each word in the recopy column as quickly as 
possible. You will have one minute to,write and study the words. You will 
be asked to recall these words later in the session. 

Do not turn to the next page until instructed to do so. 
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Word List 

law 

free 

happy 

sweet 

friend 

window 

man 

fresh 

spring 

paper 

Recopy 

I - 

. 

. 

List 1 
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Word Recall Task 

List 1 
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DO NOT TURN THE PAGE 

UNTIL INSTRUCTED 

. 
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LOGICAL REASONING 
INSTRUCTIONS 

In the following test there are a number of short sentences each followed by a 
pair of letters. The sentences claim to describe the order of the two letters. Your task 
is to read each sentence and to decide whether it is a true or false description of the 
letter pair which follows it. If you think the sentence describes the letter pair. correctly 
circle True. If you think the sentence does not describe the letter pair correctly then 
circle False. 

EXA&lPLES 

1. 

2. 

3. 

4. 

5. 

A follows 6 AB True e 

B precedes A BA 

A is followed by B BA 

cx$F& 

f3 is not followed by A AB D False 

B is preceded by A AB D False 

When you start the main test, work as quickly as you can without making 
mistakes. Start with sentence 1 and work systematically through the test without 
skipping any items. You will have one minute to complete as many of the statements 
as possible. 

69 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

A does not follow B 

A does not precede B 

B does not follow A 

A precedes B 

A is not preceded by B 

B is not preceded by A 

B precedes A 

* B is not followed by A 

B does not follow A 

B is not preceded by A 

B is not followed by A 

A precedes B 

A is not followed by B 

A follows B 

B is preceded by A 

A follows B 

A does not follow B 

A is preceded by B 

B does not precede A 

B follows A 

A is followed by B 

A is preceded by @ 

A is followed by B 

B does not precede A 

A is not preceded by B 

A does not precede B 

B is followed by A 

B precedes A 

B is followed by A 

B is preceded by. A 

A is not followed by B 

B follows A 

AB 

BA 

BA 

AB 

BA 

BA 

BA 

BA 

AB 

AB 

AB 

BA 

AB 

BA 

BA 

AB 

BA 

BA 

AB 

BA 

AB 

AB 

BA ,.*. 

BA 

AB 

AB 

BA 

AB 

AB 

AB 

BA 

AB 

70 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 

True 
* 

_’ True 

True 

True 

True. 

True 

True 

True 

True 

True 

True 

True 

True 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

False 

.False 

False 

False 

False 

False 

False 

False 

False 

False 

False 
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DO NOT TURN THE PAGE 
. 

‘UNTIL INSTRUCTED 
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Add the Following Numbers Together 

104 289 

223 635 

486 

541 

241 

421 

429 

365 

326 

293 

792 .I I 9 248 

956 185 815 

789 368 296 

523 III 742 

6G8 

743 

,- *. 521 

705 

472 

851 . 

. 

I ., 

72 



DO NOT TURN THE PAGE 
. . 

‘UNTIL INSTRUCTED 
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Spatial Rotation Task 

Instructions: This task consists of rotated patterns. To the right of each pattern there are 
three similar patterns. One of the three patterns on the right is identical to the pattern to 
the left except it has been rotated clockwise by 90, 180, or 270 degrees. Pick the pattern 
that is like the one on the left and write the answer (A, B, or C) to the right in the space 
provided. Work through the problems in the order they are presented. Do Not Skip Items. 

Be careful not to select an item that is a mirror image, or that has been shifted within the 
frame. 

Examples: 

A ‘. B C Answer 

Example 1: The correct answer is B. A and C are incorrect because 
they are mirror images of the original item. 

Example 2: The correct answer is A. Again B and C are mirror images 
of the original item. 

Example 3: The correct answer is B. Note that A and C are incorrect 
because the 2 block section is shifted to the outer edge of the frame. 

Example 4: The correct answer is C. A and B are incorrect because the 
shape is shifted within the frame. 
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vlapl 
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A B C Answer 

vl ap2 

76 



I . 

i - 
. 

C Answer 

vl ap3 
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APPENDIX D 

NASA-TASK LOAD INDEX 
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7. SUBJECT INSTRUCTIONS: SOURCES-OF-WORKLOAD 
EVALUATION 

Throughout this experiment ihe raiing scales are used tgassess your 
cxpericnccs in Ihe different task conditions. Scaks of this sort are extremely ’ 
useful. but their utility sulferr from the iemkncy peopk have to interpret 
lhcm in individual ways. For example, some p&pR fe4l that mental or tem- 
poral demands are the l ssentiat l sp4cts of wqrkload regardkss of tbe dfort 
they expended on a given task or the level of perforinancc they achieved. 
Others feel Ihat il they performed well Ihe workfoid’must have tin low and 
if they performed badly it must have been high. Yet o(herr feel that effort or 
feelings of frustralion are the iost important factors in workbd~; and so 
on. The results of previous sttidks have already found avcry conceivable 
palrem of values. In addition. the raclors that create kvels of workload 
differ depending on (he task. For example. some (asks might be diicult 
because they must bc completed very quickly. Others may seem easy or 
hard because of lhe intensity of mental or physicat effort rquired. Yet oth- 
ers feel difficult because they iannot be performed well. no matter how 
much effort is expended. 

The evaluation you are about to perform b a tihm tbt hai been 
developed by NASA to assess the dahrr importance of dx f&rS in deter- 
mining how much workload you rxperienced. The procedure IS dmple: You 
will be presented with a serks of pairs of raling scak titks (for example. 
Effort vs. Mental Demands) and asked to choose which of the items was 
more imp&ant to yovraxpcri4nce of wortiad hi the task(t) that yw-just 
prrformtd. Each pair o? scat4 titles will appear on a sepmto u@. . _ 

Circle the Scak Title that represents the more important COntribUtOr 
to workload lor the spcciRc task(s) you performed in this exP4rkncnt. 

After you have finished the entire se&s we wifl be ahk to 1154 the pat- 
tern of your choices lo create a w4fghttd combination of the ratings from 
that task into 3 summary workload score. Please consider your choice5 c-are- 
fully and make thm, consistent with how you used the rating scales durfng 
Ihe particular task you were asked to evaluate. Don’t think that there is any 
correct pallem: we are only inlerested in your opinions. 

If you have any questions. please ask them now. 
whenever you are ready. Thank you for your participalion. 

12 

Otherwise. start 

Appendix A. 

RATING”SCALE DEFINITIONS 

TiOe Endpoints Descriptions 

MENTAL 
DEMAND * 

PHYSICAL 
DEMAND 

TEMPORAL 
DEMAND 

2ERFORMANCE 

, 

iFFORT . 

:RUSTRAflON 
.EVEL 

Low/High 

Low/H#$l 

Low/t&h 

low/H&h 

low/High 

How much mental and perceptual 
activity was rquirad (e.g.. thinking. 
deciding. cakutating. remembering. 
looking, rrarctig. dc.)? Was the 
task easy or demanding. simpk OI 
complex. exacting or forgiving? i 

How much physical activity wa; 
required (e.g., pushing. pulling. turn- 
ing, controlling. activating. etc.)? 
Was the task easy or demanding. 
slow or brisk. slack or strenuous. 
restful or laborkus? 

HOW much time pressure did *you 
feel due to the rate or pace at which 
the tasks or task elements occurmd? 
Was the pace slow and ltistirely or 
rapid and frantk? 

How succrsrful do you think you 
were in l ccomplishiig the goals of 
thr task set by thr uprriment4r (or 
yours&f)? How satislkd wtn you 
with your performance in accom- 
plishing these goals? 

How hard dii you have to work 
(mentally and phyriully) to acccnn- 
plish your levd of performance? 

How insecure, discouraged. Mated. 
slreswd and annoyed versus secure, 
gratilied, content. relaxed ad corn- 
placent did you feel during (he task? 
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Appendix 0. , 

Subject ID: Date: 

SOURCESOF WORKLOAD TALLY iHEET 

PHYSICAL DEMAN 

PERFORMANCE 

‘RUSTRATION 

Total count = 

(NOTE-fhrtoMcounthincludcdar1rhtck. If : 
tjte total count h not aqua1 to 15. then .&mrthing has 
betn miscountal. Also. no weight can have a value 
greater than 5.) 

Appendix E. 

SubJcct ID: 1’ Tmrk ID: 

WEIGHTED RATING WORKSHEET 

M.ENlAL DEMAND 

PHYSICAL DEMAND 

TEMPORAL DEMAND 

Sum of “Adjusted Rating” Column = 

WEIGHTED RATING = 
[i.e., (Sum of Adjusted Ratings)/lS) c 

19 
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POST-TEST QUESTIONNAIRES 
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POST RUN I OUES TIONNAXR& 

Please answer each of the following questions. Your comments are appreciated and can be provided iu the space available or on the 
reverse side of this sheet. 

1. Did you have any difficulty hearing or understanding the auditorv information? 

No I 1 
Yes [ ] if so, please explain: 

2. How easy or dB%ult was it to perform eaih of the following tasks using position information provided ditorily? 

(a) 

(b) 

(c) 

(4 

Very. Easy Easy’ Neither Easy nor Difficult Very Difficult 
Difficult 

.~.1.111~~~~~.~11”11~~~~~11-~~~~..~~~~~””~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Demmine your lateral location and [I [I .[I ‘11 I 1 
azimuth orientation with respect 
to the path? 
Determine your position with respect [I [I [ I [ 1 1 1 
to the waypoint to which you were traveling? 
Determine your position with respect to 1 1 1 .I 1 1 II 1 [ 3 
enemy and friendly units? 
Deterqine your position with respect to [I Cl I 1 1 1 II 1 
targets? 

Comment: 



3. On the average, how often did you request each of the following bifoxmation? 

Every 

(a) Path 
(b) Waypoint 

$\ ;?J!$et 

25 m 50 m 100 m 200 m Other (Please 
specify) 

.-1.111”~1~1~~1..111~-~.--.~---~.~~~~~~~~~--.-~~~~~-“----.--------~-----~~.~. 

‘. ; .; c’ 1 .[I [I [I 
‘[ 1 [I ill [ 1 

r. 
1 

II 3 [I [ 3 II 1 H 1 1 H 
Comment: 

4. How often did you have to stop tolisten to the requested information? 
. 

All.&itime [ ‘1 
[I ,’ 

Never I: 3 

Comment: 

. . . ! 



. 

5. In what gender voice would you prefer to hear each of the following types of position information? 

Male Female Makes No Difference 

Comment: 

6. Would you like to hear position information that sounds like its coming fi6m that location? (Check one) 

. 
No [. ] YeS [ ] 

. 

Comment: 

I 



7. Please rate the severity of each symptom you may be experiencing now or experienced during your mission? 

Blurred vision 

Headache 

Eye strain 

* 

Tight neck muscles 

Stiff whole body 

(not r&&Able)2 
3 4 5 6 7 

(severe) 

:I .2 .3 4 5 6 7 
(not nqticeable) (severe) 

3..‘4. 5 .6 7 
(not notLG*e)2 (severe) 

(not not!&able)2 
.3 4 ‘5 6 7 

(severe) 
6 

(not no&cable)2 
3 4 5 6 7 

(severe) 

(not noiceabl$2 
3 4 5.6 7 

(severe) 

Comment: 

. , . , 



I’OST RUN I OU ESTIONNAIRe 

Please answer each of the following questions. Your comments ate appreciated and can be provided in the space available or on the 
reverse side of this sheet. 

1. Did you have any difficulty seeing or understanding the visual information? 

Yes [ ] if so, pleaseexplain: 

2. How easy or difficult was it to perform each of the following tasks using position information provided M? 

Very Easy Easy * Neither- Easy nor Diffkult Very Diffkult 
Difficult 

(a) 

0.9 

6) 

(4 

Determine your lateral location and 
azimuth orientation with respect. 
to the path? 

[ 

Determine your position with respect 1 
to the waypoint to which you were traveljng? 
Determine your position with respect to 1 
enemy and friendly units? 
Determine your position with respect to i. 
targets? 

Comment: 

1 iI 

1 [ 

:! [ 
1 .I 

1 [ 

I 1 

1 c 
1 I 

I’ 1 1 E I 

1 iI I II 1 

1 I 1 [ 1 

1 1 1 1 1 



3. On the aveiage, how often .did you request each of the following information? 

Every 25 m 50 Iy 100 m 200 m Other (Please 
I specify) 

~~~~~~....~~~~“..~.....~..~.~~~~~~~~~~~~~~~~~~~~~.~~..~~.~~~~..~~~~~~~~~~~~~~ 

I’ 1 

3. [ iI 
1 1 

1 f 

I E 

1 E 
Comment: 

4. How often did you hake to stop to view the requested information on the HMD? 

Allbime [ I ,_ 
II 1 

Comment: 

. I . t 



5. Please rate the severi&,of each sy&tom you may be experiencing now or experienced during your miision? 

Blurred vision 

HeAdache 

Eye strain 

Tight neck muscles 

. 

Stiff whole body 

$Ese specifi) 

(notntit!&able)2 3.4 5’6 ‘. . (severe) 7 

(not not&able; 
3 4 5 6- 7 

(severe) 

(not no&xbleF 
‘3 4 

5 
6 7 

(severe) 

nokeable)2 
3V4.5. 6 7. 

(not (severe) 
. . 

n~&zable~ 
3 ,4 5 6 7 

(not (severe) 

no&eable~ 
3 4 3 6 7 

(not (severe) 

Comment: 



POST TEST I OUESTIONN AIR& 

Please answer each of the following questions. Your comments are appreciated and can be provided in the space available or on the 
ieverse side of this sheet. 

1. In what form would you prefer to receive the following position information (Check one for each type of information). 
I 

4 1 
[ 1. E I 

‘1 1 

.I: 1 
[r; 

i 3 
,:lL ‘.. I 1 

Comment: 

. 

2. Are there other types of information that you would like to receive audit&y’? or visually3 to perform the tasks that you performed 
in this study? 

(a) Ohti A;ldityy? (b) O&tI Visual? 
1 1 

Yes [ ] if so, please list: Yes [ ] if so, please list: 

Comment: 

3. Do you have any suggestions for improving the visual or auditory displays? 

. . 6 1 



. 

. 
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* Satndard Error. 

Overall 90.56 6.80* 99.97 9.49* 



- ~~ INFORMATION ACCESS 

LEG .I Path I Waypoint I Target I Unit I Path I Waypoint I Target I Unit 
.- 

I I 

?i SD z SD z SD ?? SD x SD x SD ?? SD ?? SD 

1 69;08 85.52* 11.67 6.61* 13.33 5.37* 2.83 2.29* 37.00* 13.45 9.17 9.82” 15.67 7.72* 3.83 3.64j 

2 73.25 39.42* 14.92 13.67* 19.08 7.09* 3.42. 2.50* 53.50* 16.27 10.50 9.69* 22.58 9.82” 5.67 4.08* 

3 54.42 25.00* ‘12.92 11.05* 17.50 10.77” 4.08 1.68X 50.75* 20.54 11.17 11.37* 20.67 5.40* 4.67 2.90” 

4 61.08 35.76* 9.50 5.68* 17.67 11.67* 3.83 2.04* 52.50* 22.45 15.92 18.58* 24.08 8.40* 5.25 3.36* 

Overall 253.83’ 47.15* 47.42 10.52* 71.58 8.18* 13.42 2.28* 199.58 19.29* 49.25 14.04* 87.75 8.17* 20.00 3.70* 

* Satndard Error. 

. . . i y . ’ -. 



NO. OF 
COPIES 

2 

ORGANIZATION 

ADMINISTRATOR 
DEFENSE .TECHNICAL INFO CENTER 
AT-I-N DTIC OCP 
8725 JOHN J KINGMAN RD STE 0944 
FT BELVOIR VA 22060-62 18 

DIRECTOR 
US ARMY RESEARCH LABORATORY 
ATTN AMSRL CS AL TA REC MGMT 
2800 POWDER MILL RD 
ADELPHI MD 20783- 1197 

DIRECTOR 
US ARMY RESEARCH LABORATORY 
AT’TN AMSRL CI LL TECH LIB 
2800 POWDER MILL RD 
ADELPHI MD 207830-I 197 

DIRECTOR 
US ARMY RESEARCH LABORATORY 
A’M’N AMSRL DD J J ROCCHIO 
2800 POWDER MILL RD 
ADELPHI MD 20783- 1197 

DIRECTORATE FOR MANPRINT 
ATTN DAPE MR 
DEPUTY CHIEF OF STAFF PERSONNEL 
300 ARMY PENTAGON 
WASHINGTON DC 203 10-0300 

DIRECTOR 
ARMY AUDIOLOGY & SPEECH CENTER 
WALTER REED ARMY MED CENTER 
WASHINGTON DC 20307-500 1 

CODE 1142PS 
OFFICE OF NAVAL RESEARCH 
800 N QUINCY STREET 
ARLINGTON VA 222 17-5000 

WALTER REED ARMY INST OF RSCH 
ATTN SGRD UWI C (COL REDMOND) 
WASHINGTON DC 20307-5 100 

DR ARTHUR RUBIN 
NATL INST OF STANDARDS & TECH 
BUILDING 226 ROOM A3 13 
GAITHERSBURG MD 20899 

COMMANDER 
US ARMY RESEARCH INSTITUTE 
ATTN PERI ZT (DR E M JOHNSON) 
500 1 EISENHOWER AVENUE 
ALEXANDRIA VA 22333-5600 

99 

NO. OF 
ORGANIZATION COPIES 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

DEFENSE LOGISTICS STUDIES 
INFORMATION EXCHANGE 

ATTN DIRECTOR DLSIE ATSZ DL 
BLDG 12500 
2401 QUARTERS ROAD 
FORT LEE VA 23801-1705 

DEPUTY COMMANDING GENERAL 
ATTN EXS (Q) 
MARINE CORPS RD&A COMMAND 
QUANTICO VA 22134 

HEADQUARTERS USATRADOC 
ATTN ATCD SP 
FORT MONROE VA 23651 

COMMANDER 
USATRADOC 
COMMAND SAFETY OFFICE 
ATTN ATOS (MR PESSAGNO/MR LYNE) 
FORT MONROE VA 2365 I-5000 

DIRECTOR TDAD DCST 
ATTN ATTG C 
BLDG 161 
FORT MONROE VA 2365 l-5000 

COMMANDER 
USA OPERATIONAL TEST & EVAL AGENCY 
ATTN CSTE TSM 
4501 FORD AVE 
ALEXANDRIA VA 22302-1458 

USA BIOMEDICAL R&D LABORATORY 
ATTN LIBRARY 
FORT DETRICK BUILDING 568 
FREDERICK MD 2 1702-50 10 

HQ USAMRDC 
ATTN SGRD PLC 
FORT DETRICK MD 21701 

COMMANDER 
USA AEROMEDICAL RESEARCH LAB 
ATTN LIBRARY 
FORT RUCKER AL 36362-5292 

US ARMY SAFETY CENTER 
ATTN. CSSC SE 
FORT RUCKER AL 36362 



NO. OF 
COPIES 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ORGANIZATION 

CHIEF 
ARMY RESEARCH INSTITUTE 

AVIATION R&D ACTIVITY 
AT-l-N PER1 IR 
FORT RUCKER AL 36362-5354 

AIR FORCE FLIGHT DYNAMICS LAB 
ATTN AFWAL/FIES/SURVIAC 
WRIGHT PATTERSON AFB OH 45433 

AAMRLkIE 
WRIGHT PATTERSON AFB OH 

45433-6573 

US ARMY NATICK RD&E CENTER 
ATTN STRNC YBA 
NATICK MA 01760-5020 

US ARMY TROOP SUPPORT CMD 
NATICK RD&E CENTER 
AT’TN BEHAVIORAL SC1 DIV SSD 
NATICK MA 0 1760-5020 

US ARMY TROOP SUPPORT CMD 
NATICK RD&E CENTER 
ATTN TECH LIBRARY (STRNC MIL) 
NATICK MA 0 1760-5040 

DR RICHARD JOHNSON 
HEALTH & PERFORMANCE DIVISION 
US ARIEM 
NATICK MA 01760-5007 

LOCKHEED SANDERS MC 
BOX MER 24 1583 
NASHUA NH 0306 l-0868 

MEDICAL LIBRARY BLDG 148 

NO. OF 
COPIES 

1 

NAVAL SUBMARINE MEDICAL RSCH LAB 
BOX 900 SUBMARINE BASE NEW LONDON 
GROTON CT 06340 1 

USAF ARMSTRONG LAB/CFTO 
ATT-N DR F WESLEY BAUMGARDNER 
SUSTAINED OPERATIONS BRANCH 
BROOKS AFB TX 78235-5000 1 

DR JON FALLESEN 
ARI FIELD UNIT 
PO BOX 3407 
FORT LEAVENWORTH KS 66027-0347 1 

ORGANIZATION 

COMMANDER 
USAMC LOGISTICS SUPPORT ACTIVITY 
ATTN AMXLS AE 
REDSTONE ARSENAL AL 35898-7466 

ARI FIELD UNIT FORT KNOX 
BUILDING 2423 PERI IK 
FORT KNOX KY 40121-5620 

COMMANDANT 
USA ARTILLERY & MISSILE SCHOOL 
ATT-N USAAMS TECH LIBRARY 
FORT SILL OK 73503 

COMMANDER 
WHITE SANDS MISSILE RANGE 
ATTN STEWS TE RE 
WHITE SANDS MISSILE RANGE NM 

88002 

COMMANDER 
WHITE SANDS MISSILE RANGE 
ATT-N TECHNICAL LIBRARY 
WHITE SANDS MISSILE RANGE NM 

88002 

USA TRADOC ANALYSIS COMMAND 
ATTN ATRC WSR (D ANGUIANO) 
WHITE SANDS MISSILE RANGE NM 

88002-5502 

STRICOM 
12350 RESEARCH PARKWAY 
ORLANDO FL 32826-3276 

COMMANDER 
USA TANK-AUTOMOTIVE R&D CENTER 
ATTN AMSTA RS/D REES 
WARREN MI 48090 

COMMANDER 
USA COLD REGIONS TEST CENTER 
ATTN STECR TS A 
APO AP 96508-7850 

INSTITUTE FOR DEFENSE ANALYSES 
ATTN DR JESSE ORLANSKY 
1801 N BEAUREGARD STREET 
ALEXANDRIA VA 223 11 

GOVT PUBLICATIONS LIBRARY 
409 WILSON M 
UNIVERSITY OF MINNESOTA 
MINNEAPOLIS MN 55455 

100 



NO. OF 
COPIES ORGANIZATION 

MR R BEGGS 
BOEING-HELICOPTER CO 
P30-18 
PO BOX 16858 
PHILADELPHIA PA 19 142 

DR ROBERT KENNEDY 
ESSEX CORPORATION SUITE 227 
1040 WOODCOCK ROAD 
ORLANDO FL 32803 

DR NANCY ANDERSON 
DEPARTMENT OF PSYCHOLOGY 
UNIVERSITY OF MARYLAND 
COLLEGE PARK MD 20742 

GENERAL MOTORS CORPORATION 
NORTH AMERICAN OPERATIONS 
PORTFOLIO ENGINEERING CENTER 
HUMAN FACTORS ENGINEERING 
ATTN MR A J ARNOLD STAFF PROJ ENG 
ENGINEERING BLDG 
30200 MOUND RD BOX 9010 
WARREN MI 48090-9010 

GENERAL DYNAMICS 
LAND SYSTEMS DIV LIBRARY 
PO BOX 1901 
WARREN MI 48090 

DR MM AYOUB DIRECTOR 
INST FOR ERGONOMICS RESEARCH 
TEXAS TECH UNIVERSITY 
LUBBOCK TX 79409 

MR KENNETH C CROMBIE 
TECHNICAL LIBRARIAN E 104 
DELCO SYSTEMS OPERATIONS 
6767 HOLLISTER AVENUE 
GOLETA CA 93117 

MR WALT TRUSZKOWSKI 

NO. OF 
COPIES 

1 

NASA/GODDARD SPACE FLIGHT CENTER 
CODE 588.0 1 

GREENBELT MD 20771 

DIRECTOR 
US ARMY AEROFLIGHT DYNAMICS DIR 
A-ITN SAVRT AF D (A W KERR) 1 

AMES RESEARCH CENTER (MS 215-l) 
MOFFETT FIELD CA 94035-1099 

ORGANIZATION 

DR NORMAN BADLER 
DEPT OF COMPUTER & INFORMATION 

SCIENCE 
UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA PA 19104-6389 

COMMANDER 
US ARMY RESEARCH INSTITUTE 

OF ENVIRONMENTAL MEDICINE 
NATICK MA 01760-5007 

HQDA (DAPE ZXO) 
ATTN DR FISCHL 
WASHINGTON DC 203 10-0300 

HUMAN FACTORS ENG PROGRAM 
DEPT OF BIOMEDICAL ENGINEERING 
COLLEGE OF ENGlNEERING & 

COMPUTER SCIENCE 
WRIGHT STATE UNIVERSITY 
DAYTON OH 45435 

COMMANDER 
USA MEDICAL R&D COMMAND 
ATTN SGRD PLC (LTC K FRIEDL) 
FORT DETRICK MD 21701-5012 

PEO STANDARD ARMY MGMT 
INFORMATION SYSTEM 

ATTN AS PES STOP C-3 
FT BELVOIR VA 22060-5456 

PEO ARMORED SYS MODERNIZATION 
US ARMY TANK-AUTOMOTIVE CMD 
ATTN SFAE ASM S 
WARREN MI 48397-5000 

PEO COMBAT SUPPORT 
ATT-N AMCPEO CS 
US ARMY TANK AUTOMOTIVE CMD 
WARREN MI 48397-5000 

PEO MGMT INFORMATION SYSTEMS 
ATTN AS PEM STOP C-2 
BLDG 1465 
FT BELVOIR VA 22060-5456 

PEO ARMAMENTS 
ATTN AMCPEO AR 
BLDG 171 
PICATINNY ARSENAL NJ 07806-5000 

101 



NO. OF 
CopTEs 

1 

ORGANIZATION 

PEO INTELLIGENCE & ELECTRONIC 
WARFARE 

ATTN AMCPEO IEW 
VINT HILL FARMS STATION BLDG 197 
WARRENTON VA 22186-5115 

PEO COMMUNICATIONS 
ATTN SFAE CM RE 
FT MONMOUTH NJ 07703-5000 

PEO AIR DEFENSE 
ATTN SFAE AD S 
US ARMY MISSILE COMMAND 
REDSTONE ARSENAL AL 35898-5750 

PEO STRATEGIC DEFENSE 
PO BOX 15280 ATTN DASD ZA 
US ARMY STRATEGIC DEFENSE CMD 
ARLINGTON VA 222 15-0280 

PROGRAM MANAGER R-AH-66 
ATTN SFAE AV 
BLDG 5300 SPARKMAN CENTER 
REDSTONE ARSENAL AL 35898 

DENNIS L SCHMICKLY 
CREW SYSTEMS ENGINEERING 
MCDONNELL DOUGLAS HELICOPTER 
5000 EAST MCDOWELL ROAD 
MESA AZ 85205-9797 

JON TATRO 
HUMAN FACTORS SYSTEM DESIGN 
BELL HELICOPTER TEXTRON INC 
PO BOX 482 MAIL STOP 6 
FT WORTH TX 76 101 

CHIEF CREW SYSTEMS INTEGRATION 
SIKORSKY AIRCRAFT M/S S3258 
NORTH MAIN STREET 
STRATFORD CT 06602 

1 GENERAL ELECTRIC COMPANY 
ARMAMENT SYSTEMS DEPT RM 1309 
ATTN HF/MANPRINT R C MCLANE 
LAKESIDE AVENUE 
BURLINGTON VT 0540 I-4985 

1 OASD (FM&P) 
WASHINGTON DC 20301-4000 

1 COMMANDANT 
US ARMY ARMOR SCHOOL 
ATT-N ATSB CDS (MR LIPSCOMB) 
FT KNOX KY 40121-5215 

NO. OF 
COPIES 

1 

ORGANIZATION 

COMMANDER 
US ARMY AVIATION CENTER 
ATTN ATZQ CDM S (MR MCCRACKEN) 
FT RUCKER AL 36362-5 163 

COMMANDER 
US ARMY SIGNAL CTR & FT GORDON 

l 

‘s 
ATTN ATZH CDM 
FT GORDON GA 30905-5090 

. 

DIRECTOR 
US ARMY AEROFLIGHT DYNAMICS DIR 
MAIL STOP 239-9 

r 

NASA AMES RESEARCH CENTER 
MOFFETT FIELD CA 94035-1000 

PROJECT MANAGER SIGNALS WARFARE 
ATTN SFAE IEW SG (ALAN LINDLEY) 
BLDG P-181 
VMT HILL FARMS STATION 
WARRENTON VA 22 186-5 116 

COMMANDER 
MARINE CORPS SYSTEMS COMMAND 
ATTN CBGT 
QUANTICO VA 22 134-5080 

DIRECTOR AMC-FIELD ASSIST IN 
SCIENCE & TECHNOLOGY 

ATTN AMC-FAST (RICHARD FRANSEEN) 
FT BELVOIR VA 22060-5606 

COMMANDER 
US ARMY FORCES COMMAND 
ATTN FCDJ SA BLDG 600 
AMC FAST SCIENCE ADVISER 
FT MCPHERSON GA 30330-6000 

COMMANDER 
I CORPS AND FORT LEWIS 
AMC FAST SCIENCE ADVISER 
ATTN AFZH CSS 
FORT LEWIS WA 98433-5000 

HQ III CORPS & FORT HOOD 
OFFICE OF THE SCIENCE ADVISER 
ATTN AFZF CS SA 
FORT HOOD TX 76544-5056 

COMMANDER 
HQ XVIII ABN CORPS & FORT BRAGG 
OFFICE OF THE SC1 ADV BLDG 1-1621 
ATTN AFZA GD FAST 
FORT BRAGG NC 28307-5000 

102 



‘I 

. 

4 

r 

l 

. 

NO. OF 
m 

1 

ORGANIZATION 

SOUTHCOM WASHINGTON FIELD OFC 
1919 SOUTH EADS ST SUITE LO9 
AMC FAST SCIENCE ADVISER 
ARLINGTON VA 22202 

HQ US SPECIAL OPERATIONS CMD 
AMC FAST SCIENCE ADVISER 
ATTN SOSD 
MACDILL AIR FORCE BASE 
TAMPA FL 33608-0442 

HQ US ARMY EUROPE AND 7TH ARMY 
ATTN AEAGX SA 
OFFICE OF THE SCIENCE ADVISER 
APO AE 09014 

COMMANDER 
HQ 21ST THEATER ARMY AREA CMD 
AMC FAST SCIENCE ADVISER 
ATTN AERSA 
APO AE 09263 

COMMANDER 
HEADQUARTERS USEUCOM 
AMC FAST SCIENCE ADVISER 
UNIT 30400 BOX 138 
APO AE 09128 

HQ 7TH ARMY TRAINING COMMAND 
UNIT #28130 
AMC FAST SCIENCE ADVISER 
ATTN AETT SA 
APO AE 09114 

COMMANDER 
HHC SOUTHERN EUROPEAN TASK FORCE 
ATTN AESE SA BUILDING 98 
AMC FAST SCIENCE ADVISER 1 
APO AE 09630 

COMMANDER 
US ARMY PACIFIC 
AMC FAST SCIENCE ADVISER 
ATTN APSA 
FT SHAFTER HI 96858-5LO0 

1 

COMMANDER 
US ARMY JAPAN/IX CORPS 
UNIT 45005 ATTN APAJ SA 
AMC FAST SCIENCE ADVISERS 
APO AP 96343-0054 

1 

AMC FAST SCIENCE ADVISERS 
PCS #303 BOX 45 CS-SO 

103 

NO. OF 
COPIES 

1 

ORGANIZATION 

COMMANDER ALASKAN COMMAND 
ATTN SCIENCE ADVISOR (MR GRILLS) 
6-900 9TH ST STE 110 
ELMENDORF AFB ALASKA 99506 

CDR & DIR USAE WATERWAYS 
EXPERIMENTAL STATION 

ATTN CEWES IM MI R (A S CLARK) 
CD DEPT #ill53 
3909 HALLS FERRY ROAD 
VICKSBURG MS 39180-6199 

DR SEHCHANG HAH 
DEPT OF BEHAVIORAL SCIENCES & 

LEADERSHIP 
BUILDING 60 1 ROOM 28 1 
US MILITARY ACADEMY 
WEST POINT NEW YORK 10996-1784 

US ARMY RESEARCH INSTITUTE 
ATT-N PERI IK (DOROTHY L FINLEY) 
2423 MORANDE STREET 
FORT KNOX KY 40121-5620 

US MILITARY ACADEMY 
MATHEMATICAL SCIENCES CENTER OF 

EXCELLENCE 
DEPT OF MATHEMATICAL SCIENCES 
ATTN MDNA MAJDONENGEN 
THAYER HALL 
WEST POINT NY 10996- 1786 

NAIC/DXLA 
4180 WATSON WAY 
WRIGHT PATTERSON AFB OH 

45433-5648 

DOD JOINT CHIEFS OF STAFF 
ATT-N 539 CAPABILITIES DIV 

CAPT J M BROWNELL 
THE PENTAGON RM 26865 
WASHINGTON DC 20301 

OFC OF THE SECY OF DEFNS 
ATTN ODDRE (R&AT) G SINGLEY 
THE PENTAGON 
WASHINGTON DC 20301-3080 

OSD 
ATTN OUSD(A&T)/ODDDR&E(R) 
ATTN RJTREW 
THE PENTAGON 
WASHINGTON DC 203 lo-0460 

APO AP 96204-0045 



NO. OF 
COPIES 

1 

I 

1 

ORGANIZATION 

AMCOM MRDEC 
Al-l-N AMSMI RD W C MCCORKLE 
REDSTONE ARSENAL AL 35898-5240 

CECOM 
ATTN PM GPS COL S YOUNG 
FT MONMOUTH NJ 07703 

CECOM 
SP & TERRESTRIAL COMMCTN DIV 
ATTN AMSEL RD ST MC M H SOICHER 
FT MONMOUTH NJ 07703-5203 

US ARMY INFO SYS ENGRG CMND 
ATTN ASQB OTD F JENIA 
FT HUACHUCA AZ 856 13-5300 

US ARMY NATICK RDEC 
ACTING TECHNICAL DIR 
AT-TN SSCNC T P BRANDLER 
NATICK MA 01760-5002 

US ARMY RESEARCH OFC 
4300 S MIAMI BLVD 
RESEARCH TRIANGLE PARK NC 27709 

US ARMY SIMULATION TRAIN & 
INSTRMNTN CMD 

ATTN J STAHL 
12350 RESEARCH PARKWAY 
ORLANDO FL 32826-3726 

US ARMY TANK-AUTOMOTIVE & 
ARMAMENTS CMD 

ATT-N AMSTA AR TD M FISETTE 
BLDG 1 
PICATINNY ARSENAL NJ 07806-5000 

US ARMY TANK-AUTOMOTIVE CMD 
RD&E CTR 
A’M’N AMSTA TA J CHAPIN 
WARREN MI 48397-5000 

1 US ARMY TRAINING & DOCTRINE CMD 
BATTLE LAB INTEGRATION & TECH DIR 
ATTN ATCD B J A KLEVECZ 
FT MONROE VA 2365 I-5850 

1 NAV SURFACE WARFARE CTR 
ATTN CODE B07 J PENNELLA 
17320 DAHLGREN RD BLDG 1470 RM 1101 
DAHLGREN VA 22448-5 100 

NO. OF 
COPIES ORGANIZATION 

DARPA 
ATTN B KASPAR 
3701 N FAIRFAX DR 
ARLINGTON VA 22203-1714 

UNIV OF TEXAS 
HICKS & ASSOCIATES, INC. 
ATTN G SINGLEY III 
1710 GOODRICH DR STE 1300 
MCLEAN VA 22 102 

HQ AFWADNX 
106 PEACEKEEPER DR STE 2N3 
OFFUTT AFB NE 68113-4039 

ARL HRED AVNC FIELD ELEMENT 
ATTN AMSRL HR MJ (R ARMSTRONG) 
PO BOX 620716 BLDG 514 
FT RUCKER AL 36362-0716 

ARL HRED MICOM FIELD ELEMENT 
ATTN AMSRL I-JR MO (T COOK) 
BUILDING 5400 ROOM C242 
REDSTONE ARSENAL AL 35898-7290 

ARL HRED USAADASCH FLD ELEMENT 
ATTN AMSRL HR ME (K REYNOLDS) 
ATTN ATSA CD 
5800 CARTER ROAD 
FORT BLISS TX 79916-3802 

ARL HRED ARDEC FIELD ELEMENT 
ATTN AMSRL HR MG (R SPINE) 
BUILDING 333 
PICATINNY ARSENAL NJ 07806-5000 

ARL HRED ARMC FIELD ELEMENT 
AT-IN AMSRL HR MH (J JOHNSON) 
BLDG 1109B 3RD FLOOR 
FTKNOX KY 40121-5215 

. 
l 

. 

L 

ARL HRED CECOM FIELD ELEMENT 
ATTN AMSRL HR ML (J MARTIN) > 

MYER CENTER RM 3C214 
FT MONMOUTH NJ 07703-5630 

. 

ARL HRED FT BELVOIR FIELD ELEMENT 
ATT-N AMSRL HR MK (P SCHOOL) 
10 115 GRIDLEY ROAD SUITE 114 
FORT BELVOIR VA 22060-5846 

, 

ARL HRED FT HOOD FIELD ELEMENT 
ATT-N AMSRL HR MV (E SMOOTZ) 
HQ TEXCOM BLDG 91012 RM 111 
FT HOOD TX 76544-5065 

104 



NO. OF 
COPIES 

2 

NO. OF 
ORGANIZATION COPIES 

ARL HRED NATICK FIELD ELEMENT 1 
ATT-N AMSRL HR MQ (M FLETCHER) 
ATT-N SSCNC A (D SEARS) 
USASSCOM NRDEC BLDG 3 RM R-140 
NATICK MA 01760-5015 

1 
ARL HRED FT HUACHUCA FLD ELEMENT 
ATTN AMSRL HR MY (B KNAPP) 
GREELY HALL (BLDG 6 1801 RM 263 1) 
FORT HUACHUCA AZ 85613-5000 

ARL HRED FT LEAVENWORTH FLD ELE 
ATT-N AMSRL HR MP (D UNGVARSKY) 
TPIO ABCS 4 15 SHERMAN AVE RM 327 
FT LEAVENWORTH KS 66027-1344 

ARL HRED FLW FIELD ELEMENT 
ATTN AMSRL HR MZ (A DAVISON)* 
320 ENGINEER LOOP STE 166 
FT LEONARD WOOD MO 65473-8929 

\ 

ARL HRED OPTEC FIELD ELEMENT 
ATT-N AMSRL HR MR (D HEADLEY) 
PARK CENTER IV RM 1450 
450 1 FORD AVENUE 
ALEXANDRIA VA 22302-1458 

ARL HRED SC&FG FIELD ELEMENT 
ATTN AMSRL HR MS (L BUCKALEW) 
SIGNAL TOWERS RM 207 
FORT GORDON GA 30905-5233 

ARL HRED STRICOM FIELD ELEMENT 
ATTN AMSRL HR MT (A GALBAVY) 
12350 RESEARCH PARKWAY 
ORLANDO FL 32826-3276 

ARL HRED TACOM FIELD ELEMENT 
ATT-N AMSRL HR MU (M SINGAPORE) 
BLDG 200A 2ND FLOOR 
WARREN MI 48397-5000 

ARL HRED USAFAS FIELD ELEMENT 
Al-l-N AMSRL HR MF (L PIERCE) 
BLDG 3040 RM 220 
FORT SILL OK 73503-5600 

ARL HRED USAIC FIELD ELEMENT 
ATTN AMSRL HR MW (E REDDEN) 
BLDG 4 ROOM 332 
FT BENNING GA 3 1905-5400 

ORGANIZATION 

ARL HRED USASOC FIELD ELEMENT 
ATTN AMSRL HR MN (F MALKIN) 
HQ USASOC BLDG E2929 
FORT BRAGG NC 28307-5000 

US ARMY RSCH DEV STDZN GP-UK 
ATTN DR MICHAEL H STRUB 
PSC 802 BOX 15 
FPb AE 09499-l 500 

DR J MANCUSI 
MCNC ELEC TECH DIVISION 
PQ BOX 12889 
3021 CORNWALLIS RD 
RSCH TRIANGLE PARK NC 27709-2889 

DR CELESTINE NTUEN 
NC A&T STATE UNIVERSITY 
COLLEGE OF ENG DEPT OF IND ENG 
1601 E MARKET ST 
MCNAIR HALL ROOM 422A 
GREENSBORO NC 274 10 

BECKMAN INSTITUTE 
UNIVERSITY OF ILLINOIS 
ATTN DR GEORGE MCCONKIE 

DR THOMAS HUANG 
DR CHRIS WICKENS 

405 N MATTHEWS AVENUE 
URBANA IL 61801 

DR WILLIAM MARSHAK 
SYTRONICS INC 
4433 DAYTON-XENIA RD BLDG 1 
DAYTON OH 45432 

DR MARIUS VASSILIOU 
ROCKWELL SCIENCE CENTER 
1049 CAMlNO DOS RIOS 
THOUSAND OAKS CA 91360 

DR V MARZEN 
ROCKWELL COLLINS INC 
COLLINS AVIONICS & COM DIV 
350 COLLINS ROAD NE 
CEDAR RAPIDS IA 52498 

ABERDEEN PROVING GROUND 

DIRECTOR 
US ARMY RESEARCH LABORATORY 
A-l-TN AMSRL CI LP (TECH LIB) 
BLDG 305 APG AA 

105 



NO. OF 
COPIES ORGANIZATION 

1 LIBRARY 
ARL BLDG 459 
APG-AA 

1 ARL SLAD 
ATTN AMSRL BS (DR JT KLOPCIC) 
BLDG 328 APG-AA 

1 USMC LIAISON OFFICE 
ATTN AMST ML 
RYAN BUILDING APG-AA 

1 USATECOM 
RYAN BUILDING 
APG-AA 

1 COMMANDER 
CHEMICAL BIOLOGICAL AND DEFENSE 

COMMAND 
ATTN AMSCB CI 
APG-EA 

1 CDN ARMY LO TO TECOM 
ATTN AMSTE CL 
TECOM HQ 
RYAN BLDG 

1 ARL HRED ERDEC FIELD ELEMENT 
ATT-N AMSRL HR MM (R MCMAHON) 
BLDG 459 
APG-AA 

ABSTRACT ONLY 

1 DIRECTOR 
US ARMY RESEARCH LABORATORY 
ATTN AMSRL CS AL TP TECH PUB BR 
2800 POWDER MILL RD 
ADELPHI MD 20783- 1197 

e 

m’ 

I 

!A 

106 



REPORT DOCUMENTATION 
Form Approved 
OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructtons, searching existing data sources, 
gathering and maintaining the data needecf, and completing and reviewing the collection of informahon. Send comments re ardrng this burden estimate or any other aspect of thus 
collection of information, Including sug eshons for reducing this burden, to Washington Headquarters Services, Directorate or Information Operations and Reports, 1215 Jefferson 

9/ 
9 

Davis Highway, Suite 1204, Arlington, A 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188). Washington, DC 20503. 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED 

August 1999 Final 

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS 

The Effects of an Auditory Versus a Visual Presentation of Information on Soldier AIMS Code 611102.74A00011 
Performance PR: IL161 1102.74A 

6. AUTHORIS) 
PE: 6.11.10 

Ghnnm, M.M.; Branscome, T.A.; Patton, D.J.; Mullins, L.L.; Burton, P.A. (all ofARL) 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS 8. PERFORMING ORGANIZATION 
REPORT NUMBER 

U.S. Army Research Laboratory 
Human Research & Engineering Directorate 
Aberdeen Proving Ground, MD 2 1005-5425 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS 10. SPONSORING/MONITORING 

U.S. Army Research Laboratory AGENCY REPORT NUMBER 

Human Research & Engineering Directorate ARL-TR- 1992 
Aberdeen Proving Ground, MD 2 10055425 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE 

Approved for public release; distribution is unlimited. 

13. ABSTRACT (Maximum 200 words) 

This report describes a field study designed to measure the effects of an auditory versus a visual presentation of position 
information on soldier performance of land navigation and target acquisition tasks. Measures of situational awareness, stress, 
cognitive performance, and workload were also obtained. In the auditory mode, position information was presented in verbal 
messages. In the visual mode, the same information was provided in text and graphic form on a map of the area of operation 
presented on a helmet-mounted display (HMD). During the study, 12 military volunteers navigated densely wooded unmarked 
paths that were 3 km long. Although no differences were found between the two display modes in the frequency at which 
navigational and other tactical information was accessed, the analysis of responses to probe questions indicated that participants 
maintained a greater awareness of position with respect to waypoints, targets, and other units when information was presented 
visually than when information was presented auditorily in verbal messages. In the auditory mode, as the participants’ perceptions 
of time demands increased, post-test scores on a logical reasoning task tended to be higher than pre-test scores. Although visual 
presentation of information appeared to enhance position awareness, differences between the two display modes in navigation and 
target acquisition performance were not found to be statistically significant. The findings of the investigation suggest differences 
in cognitive processing requirements between the two displays and the impact of attentional focus and practice on cognitive 
performance. 

14. SUWECTTERMS 15. NUMBER OF PAGES 

115 
auditory displays HMD visual displays 
helmet-mounted displays soldier performance 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT 
OF REPORT OF THIS PAGE OF ABSTRACT 

Unclassified Unclassified Unclassified 

NSN 7S40-01-2804500 107 
Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. 239-18 
298-102 


